(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 1 089 093 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

04.04.2001 Bulletin 2001/14 

(21) Application number: 00121202.6 

(22) Date of filing: 28.09.2000 



(51) int.ci7: G02B 1/11, G02F 1/13363, 
G02B 5/30 



(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• 


Nakamura, Kenichi 




MCNLPT SE 




Minami-ashlgara-shi, Kanagawa-ken (JP) 




Designated Extension States: 


• 


Amimori, Ichiro 




ALLTLVMKRO SI 




Minami-ashigara-shI, Kanagawa-ken (JP) 






• 


Ikeyama, Akihiro 


(30) 


Priority: 28.09.1999 JP 27533799 




Minami-ashigara-shi, Kanagawa-ken (JP) 




29.09.1999 JP 27748699 


• 


Watanabe, Jun 




30.09.1999 JP 28088099 




Minami-ashigara-shi, Kanagawa-ken (JP) 


(71) 


Applicant: 


(74) 


Representative: HOFFMANN - EITLE 




FUJI PHOTO FILM CO., LTD. 




Patent- und Rechtsanwalte 




Kanagawa 250-01 (JP) 




Arabellastrasse 4 








81925 Munchen (DE) 



(54) Anti-reflection film, polarizing plate comprising the same, and image display device using 
the anti-reflection film or the polarizing plate 



(57) There is disclosed an anti- reflection filnn conn- 
prising 5-65% by volunne of inorganic fine particles hav- 
ing an average particle size of 1-200 nm and having a 
core/shell structure, and 35-95% by volume of a poly- 
nner, wherein a high-refractive-index layer having a 
refractive index of 1.65-2.40 and a low-refractive-index 
layer having a refractive index of 1.30-1.55 are lami- 
nated. There is also disclosed a polarizing plate and 
image display device utilizing the anti -reflection film. 
The anti-reflection film is suitable for mass production. 



^ t 7 (a J 



Fig. r CbJ 





Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



EP 1 089 093 A2 



Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to an anti- reflection filnn, a polarizing plate having the same, and an innage dis- 
play device utilizing the anti-reflection film or the polarizing plate. 

[0002] Particularly, the present invention relates to an anti-reflection film that comprises a low-refractive-index layer, 
and a high-refractive-index layer, which comprises inorganic fine particles having a core composed mainly of titanium 
dioxide and a shell composed mainly of an inorganic compound other than titanium dioxide, or an anti-reflection film 
10 having a low- refractive-index layer in which fine voids exist between inorganic fine particles in a short fiber form. 

[0003] Further, the present invention relates to a polarizing plate that has optical compensation capacity and anti- 
reflection ability. The present also relates to a liquid crystal display type, or a color liquid crystal display type, image dis- 
play device utilizing this polarizing plate. 

15 BACKGROUND OF THE INVENTION 

[0004] Anti-reflection films are used for various image display devices, such as liquid crystal displays (LCD), plasma 
display panels (PDP), electro luminecence displays (ELD), and cathode-ray tube displays (CRT). Further, anti- reflection 
films are also used for lenses of glasses or cameras. 

20 [0005] As an anti-reflection film, a multi-layered film, in which transparent metal oxide thin films are laminated, has 
been ordinarily used. l\/lultiple transparent thin films are used to prevent reflection of lights of various wavelengths. The 
transparent metal oxide thin film is formed by a chemical vapor deposition (CVD) process or a physical vapor deposition 
(PVD) process, and particularly by a vacuum vapor deposition process, which is a physical vapor deposition process. 
The transparent metal oxide thin film has excellent optical characteristics as an anti-reflection film. However, the method 

25 of forming a transparent matal oxide thin film by such vapor deposition has insufficient productivity for mass production. 
[0006] In place of the vapor deposition process, methods have been proposed, in which a coating solution contain- 
ing inorganic fine particles is applied, to fomn an anti- reflection film. 

[0007] JP-B-60-59250 ("JP-B" means an examined Japanese patent publication) discloses an anti-reflection layer 
comprising micro voids (cavities) and inorganic fine particles. The anti -reflection layer is formed by a coating method. 
30 Then, the thus-formed layer is subjected to active gas treatment, whereby the gas escapes from the layer, to form micro 
voids. 

[0008] JP-A-59-50401 ("JP-A" means an unexamind published Japanese patent application) discloses an anti- 
reflection film comprising a support, a high-refractive-index layer, and a low- refractive -index layer, superposed in this 
order. This publication also discloses an anti- reflection film further comprising a middle-refractive-index layer, super- 
35 posed between the support and the high-refractive-index layer. The low-refractive-index layer is formed by coating a pol- 
ymer or inorganic fine particles. 

[0009] JP-A-2-245702 discloses an anti-reflection film comprising a mixture of two or more kinds of ultra fine parti- 
cles (e.g. MgF2, Si02), whose mixing ratio is designed to be different in the direction of film thickness. By changing the 
refractive index due to the different mixing ratio, the film of this publication attained similar optical characteristics to 

40 those of the anti-reflection film disclosed in JP-A-59-50401, which film comprises both high- and low-refractive-index 
layers. The ultra-fine particles are adhered with Si02 which is formed by thermal decomposition of ethyl silicate. In the 
thermal decomposition of ethyl silicate, the ethyl part thereof is burned, to evolve carbon dioxide and water vapor. As 
illustrated in Fig. 1 of the publication, the above-mentioned carbon dioxide and water vapor escape from the layer, to 
form voids among the ultra-fine particles. 

45 [0010] JP-A-5-13021 discloses changing the voids among ultra-fine particles existing in the anti-reflection film 
described in the above JP-A-2-245702, with a binder. JP-A-7-48527 discloses an anti-reflection film containing inor- 
ganic fine particles of porous silica, and a binder. 

[0011] JP-A-8-110401 and JP-A-8-179123 disclose a technique that a high-refractive-index layer, having a refrac- 
tive index of 1 .80 or more, is made by incorporating inorganic fine particles having a high refractive index into a plastic, 
50 and then the high -refractive-index layer is applied to an anti-reflection film. 

High-refractive-index layer formation: 

[0012] A method for making a high-refractive-index layer by application of inorganic fine particles has high produc- 
55 tivity and is suitable for mass production. 

[0013] A transparent high-refractive-index layer is formed by finely dispersing inorganic fine particles, and then 

forming a high- refractive-index layer while the finely dispersed state is kept. By incorporating a larger amount of inor- 
ganic fine particles having a high refractive index into a high -refractive- index layer, the formed high -refractive-index 
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layer comes to have a higher refractive index. 

[001 4] It is very effective to incorporate fine particles of titaniunn dioxide, which are colorless and have an especially 
high refractive index, into a high -refractive-index layer. 

[0015] Meanwhile, a high-refractive-index layer is arranged on a display face of an image display device or an out- 
5 side surface of a lens. Therefore, for the high-refractive-index layer, high physical strengths (abrasion resistance and 
the like), and weathering resistance (light resistance, moisture/heat resistance, and the like) are required. Fine particles 
of titanium dioxide have a photocatalyst function to decompose organic compounds that contact the particles and dete- 
riorate the physical strengths, transparency, and the like, remarkably. Furthermore, the fine particles cause a drop in the 
refractive index of any high -refractive-index layer. Such a phenomenon arises remarkably, in particular, in high-refrac- 
10 tive-index layers containing fine particles of titanium dioxide that keep finely dispersed state. 

Low-refractive-index layer formation: 

[001 6] A low-refractive-index layer having a very low refractive index can be obtained by forming micro voids among 
15 fine particles contained in the layer. Since the low-refractive-index layer is placed on the display face of an image display 
device or on the outer surface of a lens, the layer needs to have sufficient mechanical strength. Further, since the low- 
refractive-index layer is placed as mentioned above, the layer must have very few defects on the surface (e.g. pointing 
defect on the surface), to prevent the deterioration of visibility. 

[0017] The low-refractive-index layer described in JP-A-2-245702 had voids among piled fine particles, so that the 

20 refractive index of the layer was very low. However, there was a problem that the low-refractive-index layer described in 
the publication substantially consisted of only an inorganic compound, and therefore it was very fragile. 
[0018] JP-A-11 -006902 describes a low-refractlve-index-layer in which at least two inorganic fine particles were 
piled, to form voids among these fine particles, thereby obtaining a low-refractive-index layer having both a very low 
refractive index and high mechanical strength. 

25 [0019] JP-A-9-288201 discloses an anti-reflection layer having a low-refractive-index layer in which, by piling up two 
or more layers of fine particles comprising a fluorine-containing polymer, voids were made between the fine particles. 
[0020] On the other hand, when an anti-reflection film is formed by applying, onto a substrate, a low-refractive-index 
layer as described, for example, in JP-A-2-245702, a problem arises that surface defects (pointing defects) are apt to 
occur, and consequently the thus-produced anti- reflection film is unsatisfactory. 

30 [0021] The construction of a conventional liquid crystal display type image display device is shown in Fig. 12. An 
ordinary liquid crystal display type image display device is composed of a backlight 21 1 of an edge light type on the fur- 
thest back surface and, in the order from the furthest back surface, a light introductive plate 212 for injecting light from 
the back light toward the surface, a scattering sheet 21 3 for uniformly dispersing brightness of the light, and one or plu- 
ral light-tuning sheet (light tuning film) 21 4 having a function for condensing the uniformly dispersed light by the scatter- 

35 ing sheet to a given direction or alternatively a function for selectively transmitting or reflecting a specific polarized light. 
Light passing through these films is injected to a liquid crystal cell 217 interposed between a pair of polarizing plates 
215 (backside polarizing plate) and 216 (surface polarizing plate). In the figure, 218 denotes a cooled cathode fluores- 
cent tube as light source, and 21 9 denotes a reflective sheet. 

[0022] An anti-reflection film is generally arranged on a topmost surface of a display device, wherein the principle 
40 of optical interference is used to reduce its reflectivity, in an image display device, such as a CRT, a PDR or an LCD, in 
order to prevent a drop in contrast or projection of an image by reflection of outside light. That is, in Fig. 12, an anti- 
reflection film is deposited on a displaying side of 216. 

[0023] In the meantime, the display type of LCD can roughly be classified into a birefringence mode and an optical 
rotation mode. A super twisted nematic liquid crystal display device utilizing the birefringence mode (referred to herein- 
45 after as STN-LCD) employs super twisted nematic liquid crystal possessing a twisted angle exceeding 90° and steep 
electrooptical characteristics. Therefore, STN-LCD enables display of a large capacity due to multiplex drive. However, 
STN-LCD has problems such as a slow response (several hundred milliseconds) and difficulty in gradation display, and 
is inferior in display characteristics to those of a liquid crystal display device using active element (such as TFT-LCD and 
MIM-LCD). 

50 [0024] In TFT-LCD and MIM-LCD, a twisted nematic liquid crystal possessing a twisted angle of 90° and a positive 
birefringence is used for displaying images. These are a display mode of TN-LCD, which is an optical rotation mode. As 
this mode obtains a high responsiveness (several ten milliseconds) and a high contrast, this mode is advantageous in 
many aspects as compared with the birefringence mode. Since TN-LCD changes display colors and display contrast 
according to a viewing angle of looking at the liquid crystal display device (viewing angle characteristics), it Involves a 

55 problem that the device is not easy to watch as compared with CRT 

[0025] JP-A-4-229B28 and JP-A-4-258923 respectively disclose a proposal of providing a phase differential plate 
(optical compensative sheet) between a liquid crystal cell and a pair of polarizing plate for improving viewing angle char- 
acteristics. As the phase differential plate proposed in the aforesaid publications has a phase difference of almost 0 in 
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the vertical direction to the liquid crystal cell, it gives no optical effect on direct front but a phase difference is realized 
when it is tilted. A phase difference generated in an inclined direction is thereby compensated. A sheet having a nega- 
tive birefringence so as to compensate a positive birefringence of a nematic liquid crystal and having an inclined optic 
axis is effective for such optical compensative sheet. 

5 [0026] JP-A-6-75115 and EP 0576304A1 respectively disclose an optical compensative sheet having a negative 
birefringence and an inclined optic axis. This sheet is manufactured by stretching a polymer such as polycarbonate or 
polyester, and has a main -refractive -index direction inclined to the normal line thereof. As such sheet requires an 
extremely complicate stretching treatment, therefore, it is extremely difficult to manufacture a uniform optical compen- 
sative sheet of a large area stably according to this method. 

10 [0027] On the other hand, JP-A-3-9326 and JP-A-3-291 601 respevtively disclose a method using a liquid crystal 
polymer. An optical compensative sheet is thereby obtained by applying a liquid crystal polymer onto the surface of an 
alignment (oriented) layer on a support. However, as the liquid crystal polymer fails to show a satisfactory alignment on 
the alignment layer, it is impossible to enlarge the viewing angle in all directions. Further, JP-A-5-215921 discloses an 
optical compensative sheet (birefringent plate) that comprises a support and a liquid crystal polymeric bar-type com- 

15 pound having a positive birefringence. This optical compensative sheet is obtained by applying a solution of the poly- 
meric bar-type compound onto the support and curing the compound under heating. However, the liquid crystal polymer 
is devoid of birefringence so that it is unable to enlarge the viewing angle in all directions. 

[0028] In JP-A-8-50206, there is disclosed an optical compensative sheet characterized by a layer of a negative 
birefringence comprising a compound having a discotic structure unit, wherein an angle between the discotic com- 
20 pound and a support is changed in the direction of the depth of the layer. According to the method described therein, a 
viewing angle viewed from contrast is extensively enlarged in all directions, and deterioration of images such as yellow- 
ing viewed from an incline direction is scarcely observed. With the optical compensative sheet alone, however, a dete- 
rioration in display quality based on reflection of outside light as mentioned above, cannot be improved. Thus, further 
improvement is required. 

25 

SUMMARY OF THE INVENTION 

[0029] An object of the present invention is to provide an anti -reflection film that is suitable for mass production. 
[0030] Another object of the present invention is to provide an image display device, which has been prevented 
30 from reflection, by a suitable means. 

[0031] In detail, the objects of the present invention are described below. 

[0032] An object of the present invention is to provide an anti-reflection film having a high-refractive-index layer that 

has a very high refractive index and that is transparent. 

[0033] Another object of the present invention is to provide an anti- reflection film having a high-refractive-index 
35 layer excellent in physical strengths (abrasion resistance and the like) and weathering resistance (light resistance, 

moisture/heat resistance, and the like). 

[0034] A further object of the present invention is to provide an anti -reflection film, having a low-refractive-index 
layer, that excels in mechanical strength and exhibits a very low refractive index. 

[0035] A further object of the present invention is to provide an anti- reflection film, having a low-refractive-index 

40 layer, that causes no surface defects (pointing defects). 

[0036] A further object of the present invention is to provide a liquid-crystal-display-type image display device, hav- 
ing excellent display quality in all directions, by preventing a deterioration in display quality based on reflection of out- 
side light, and by enlarging a viewing angle of a liquid crystal display device and color liquid crystal display device of TN 
mode. A still further object of the present invention is to provide such an image display device at a low price, by produc- 

45 ing it stably in a simple manner. 

[0037] Other and further objects, features, and advantages of the invention will appear more fully from the following 
description, taken in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

[0038] 

Figs. 1 (a)-(c) are sectional schematic views showing various types of layer constitution of anti-reflection films. 
Figs. 2(a) and (b) are sectional schematic views showing inorganic fine particles having a core/shell structure in 
55 preferred embodiments, used in a high-refractive -index layer in the present invention. 

Fig. 3 is a sectional schematic view of a high-refractive-index layer in a preferred embodiment of the present inven- 
tion. 

Fig. 4 is a sectional schematic view of a low- refractive-index layer in a preferred embodiment of the present inven- 
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tion. 

Figs. 5(a)-(c) are sectional schematic views of a low- refractive-index layer and an over coat layer in the respective 
preferred embodinnents of the present invention. 

Figs. 6(a)-(d) are sectional schematic views showing various embodiments wherein an anti-reflection film is applied 
5 in an image display device respectively. 

Figs. 7(a)-(d) are sectional views schematically illustrating examples (a), (b), (c) and (d) of the multi-layered anti- 
reflection film in the present invention. 

Figs. 8(a)-(c) are electromicro photographs showing examples (a), (b), and (c) of the short fibrous inorganic fine 
particles for use in the present invention. 
10 Fig. 9 is a sectional view schematically illustrating a preferable embodiment of the anti-reflection film comprising a 

low-refractive-index layer according to the present invention. 

Fig. 10 is a sectional view schematically illustrating another preferable embodiment of the high-refractive-index 
layer according to the present invention. 

Figs. 1 1 (a)-(c) are sectional views schematically illustrating another preferable embodiment of both the low-refrac- 
15 tive-index layer and over coating layer according to the present invention respectively. 

Fig. 12 is a view showing a typical constitution of an ordinary liquid crystal display device. 

Fig. 13 is a sectional schematic view showing a representative layer constitution of an optical compensation film. 

Fig. 14 is a diagram showing a representative constitution of an optical compensation film and a relationship 

between main refractive indexes of three axes. 
20 Figs. 15(a)-(d) are sectional schematic view showing representative layer constitution of an anti-reflection film 

respectively. 

Fig. 1 6 is a sectional schematic view showing a representative layer constitution of a polarizing plate having optical 

compensation capacity and anti-reflection ability. 

Fig. 1 7 is a drawing showing a representative construction of the liquid crystal display device employing the polar- 
25 izing plate in the present invention. 

Fig. 1 8 is a drawing showing a representative structure of the liquid crystal display device in the present invention. 
Fig. 1 9 is a drawing showing a representative structure of the color liquid crystal display device in the present inven- 
tion. 

Fig. 20 is a drawing showing a representative construction of Fig. 18, viewing from the direction of the normal line 
30 of the film. 

DETAILED DESCRIPTION OF THE INVENTION 

[0039] The objects of the present invention are attained, as described below, by anti-reflection films of the following 
35 (1)-(23), an image display device of the following (24), polarizing plates of the following (25)-(38), a liquid-crystal-dis- 
play-type image display device of the following (39), and a color-liquid-crystal-display-type image display device of the 
following (40). 

(1) An anti-reflection film, which is formed by laminating a high-refractive-index layer that has a refracitive index of 
40 1 .65-2.40, and a low- refractive index layer that has a refractive index of 1 .30-1 .55, wherein the high-refractive-index 

layer comprises 5-65 vol% of inorganic fine particles having an average particle size of 1-200 nm and having a 
core/shell structure, and 35-95 vol% of a polymer composed of an organic compound. 

(2) The anti -reflection film according to the aforesaid (1), wherein in the inorganic fine particles having the 
core/shell structure, the main component of the core is titanium dioxide, and the main component of the shell is an 

45 inorganic compound other than titanium dioxide, and the amount of the shell is 2-50 wt% to the core. 

(3) The anti-reflection film according to the aforesaid (1), wherein the main component of the inorganic compound, 
which constituts the shell is at least one selected from the group of alumina, silica, and zirconia. 

(4) The anti-reflection film according to the aforesaid (1), wherein the main component of the inorganic compound, 
which constitutes the shell, is alumina. 

50 (5) The anti-reflection film according to the aforesaid (1), in which the polymer composed of an organic compound 

in the high -refractive-index layer Is a crosslinked polymer having an anionic group. 

(6) The anti-reflection film according to the aforesaid (5), wherein the polymer having an anionic group in said high- 
refractive-index layer is a polymer having a phosphoric acid group or a sulfonic acid group, as the anionic group. 

(7) The anti-reflection film according to the aforesaid (5), wherein the polymer having the anionic group in said hlgh- 
55 refractive-index layer further contains an amino group or an ammonium group. 

(8) The anti- reflection film according to the aforesaid (5), wherein the said high -refractive-index layer is a layer 
formed by coating, and said polymer having an anionic group is a polymer formed by crosslinking reaction or 
polymerization reaction, simultaneously with or after coating the high -refractive-index layer. 
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(9) The anti-reflection filnn according to the aforesaid (1), wherein the low-refractive-index layer connprises 50-95 
wt% of inorganic fine particles having an average particle size of 0.5-200 nm, and 5-50 wt% of a polymer, with voids 
annong the inorganic fine particles. 

(10) The anti- reflection film according to the aforesaid (1), wherein the low-refractive-index layer having a refractive 
index of 1 .30 to 1 .55, comprises 50 to 95 wt% of short fibrous inorganic fine particles, and 5 to 50 wt% of a polymer, 
with voids among said short fibrous inorganic fine particles. 

(11) An anti-reflection film, comprising a low-refractive-index layer having a refractive index of 1.30 to 1.55, which 
layer comprises 50 to 95 wt% of short fibrous inorganic fine particles and from 5 to 50 wt% of a polymer, wherein 
maicro voids are fomned among said short fibrous inorganic fine particles. 

(12) The anti -reflection film according to the aforesaid (1 1), wherein said short fibrous inorganic fine particles con- 
tains silica, and said low-refractive-index layer has a void ratio of 1 to 50 vol%. 

(13) The anti-reflection film according to the aforesaid (11), wherein said short fibrous inorganic fine particles are 
substantially crosslinked. 

(14) The anti- reflection film, comprising a low-refractive-index layer according to the aforesaid (11), and a high- 
refractive -index layer comprising 5 to 65 vol% of inorganic fine particles having an average particle size of 1 to 200 
nm, and from 35 to 95 vol% of a crosslinked polymer having an anionic group. 

(15) The anti-reflection film according to the aforesaid (14), wherein the polymer having an anionic group in said 
high-refractive-index layer is a polymer having a phosphoric acid group or a sulfonic acid group, as the anionic 
group. 

(16) The anti- reflection film according to the aforesaid (14), wherein the polymer having an anionic group in said 
high-refractive-index layer further contains an amino group or an ammonium group. 

(17) The anti-reflection film according to the aforesaid (14), wherein the inorganic fine particles in said high-refrac- 
tive-index layer have a refractive index of 1 .80 to 2.80. 

(18) The anti-reflection film according to the aforesaid (14), wherein said polymer having an anionic group is a pol- 
ymer formed by crosslinking reaction or polymerization reaction, simultaneously with or after coating the high- 
refractive -index layer. 

(19) The anti-reflection film according to the aforesaid (14), wherein the high-refractive-index layer comprises inor- 
ganic fine particles having an average particle size of 1-200 nm and having a core/shell structure. 

(20) The anti-reflection film according to the aforesaid (1 ) or (1 1 ), wherein an over coat layer having a fluorine-con- 
taining compound, is further laminated on said low-refractive-index layer. 

(21) The anti-reflection film according to the aforesaid paragraph (20), wherein the occupation ratio of materials of 
said over coat layer is less than 70 vol% of the voids of the said low-refractive-index layer. 

(22) The anti-reflection film according to the aforesaid (20), wherein the weight-average molecular weight of the flu- 
orine-containing compound forming the over coat layer is 20,000 to 2,000,000, and low-molecular-weight compo- 
nents, having a molecular weight less than 20,000, which are other than the fluorine-containing compound, make 
up 50 wt% or less in the solid content of the over coat layer. 

(23) The anti-reflection film according to the aforesaid (20), wherein said fluorine-containing compound is a fluor- 
opolymer, and which fluoropolymer is formed by crosslinking reaction or polymerization reaction, simultaneously 
with or after coating the over coat layer. 

(24) An image display device equipped with the anti -reflection film according to the aforesaid (1) or (11) on an 
image display surface. 

(25) A polarizing plate, comprising a polarizing layer interposed between two transparent supports, which plate 
comprises an optical compensative film containing an optical anisotropic layer, on the surface of one of the trans- 
parent supports opposite to the polarizing layer, and comprises an anti -reflection film on the surface of the other 
transparent support opposite to the polarizing layer, wherein the optical anisotropic layer comprises a compound 
with a discotic structure unit and having a negative birefringence, disk surfaces of the discotic structure unit being 
inclined to the surface of the transparent support at angles changed to each other for the surface of the transparent 
support with respect to the direction of depth of the optical anisotropic layer. 

(26) The polarizing plate according to the aforesaid (25), wherein the angle is increased with the increase of dis- 
tance between the discotic structure unit and the surface of the transparent support. 

(27) The polarizing plate according to the aforesaid (25), wherein the optical anisotropic layer further contains a cel- 
lulose ester. 

(28) The polarizing plate according to the aforesaid (25), wherein the transparent support of the optical anisotropic 
layer side has an optically negative uniaxial property, and has an optic axis in the direction of normal line of the sur- 
face of the transparent support, and satisfies the following condition: 

20 ^ {(nx+ny)/2-nz} x d ^ 400 
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wherein d represents a thickness of the optical connpensative film (unit: nnn), nx, ny, and nz represent main refrac- 
tive indices of three orthogonal axes of the optical compensative film, nz represents a main refractive index in the 
direction of thickness of the transparent support, and the axes satisfy a relation of nx ^ nz ^ ny, when it is viewed 
from the front. 

5 (29) The polarizing plate according to the aforesaid (25), wherein an alignment layer is formed between the optical 

anisotropic layer and the transparent support. 

(30) The polarizing plate according to the aforesaid (29), wherein the alignment layer comprises a cured polymer. 

(31) The polarizing plate according to the aforesaid (25), wherein the optical anisotropic layer is composed of mon- 
odomain or a number of domains having a size of 0.1 \im or less. 

10 (32) The polarizing plate according to the aforesaid (25), wherein the anti-reflection film comprises a low-refractive- 
index layer, which has a lower refractive index than that of the transparent support to which the layer is laminated, 
and has a void percentage (cavity) of 1 -50 vol%. 

(33) The polarizing plate according to the aforesaid (32), in which the low-refractive-index layer contains fine parti- 
cles having a particle size of 0.1 |Lim or less, and voids exist among or inside the fine particles. 
15 (34) The polarizing plate according to the aforesaid (25), wherein a high -refractive-index layer, having a higher 

refractive index than that of the transparent support, is provided between the transparent support, and the low- 
refractive-index layer. 

(35) The polarizing plate according to the aforesaid (25), wherein an overcoat layer containing a fluorine-containing 
compound, is further laminated on said low-refractive-index layer. 
20 (36) The polarizing plate according to the aforesaid (35), wherein the occupation ratio of a material of the over coat 

layer in the voids of the low- refractive-index layer is less than 70 vol%. 

(37) The polarizing plate according to the aforesaid (35), wherein a weight-average molecular weight of the fluo- 
rine-containing compound forming the over coat layer is 20,000 to 2,000,000, and low-molecular-weight compo- 
nents, having a molecular weight less than 20,000, other than the fluorine-containing compound, make up 50 wt% 

25 or less of solid components of the over coat layer. 

(38) The polarizing plate according to the aforesaid (25), in which the anti-reflection film is the anti-reflection film 
according to the aforesaid (1) or (11). 

(39) A liquid-crystal-display-type image display device, wherein the polarizing plate according to the aforesaid (25) 
is used as a polarizing plate on the side of display out of the two polarizing plates disposed on both sides of the 

30 liquid crystal cell, with the polarizing plate being arranged in such manner that the optical anisotropic layer is faced 
to the liquid crystal cell side. 

(40) A color liquid-crystal-display-type image display device, comprising a pair of substrates having transparent 
electrodes, pixel electrodes, and a color filter, a liquid crystal cell sealed between the substrates and comprising a 
twisted nematic liquid crystal, a pair of optical compensative sheets provided on both sides of the liquid crystal cell, 

35 and a pair of polarizing plates provided respectively on the outside of the optical compensative sheets; 

wherein use is made of, the polarizing plate according to any one of the aforesaid (25) to (38), as the optical com- 
pensative sheet on the displaying side of the liquid crystal cell and the polarizing plate, in which an optical aniso- 
tropic layer is disposed facing to the liquid crystal cell side, and an optical compensative sheet, which comprises 
an optical anisotropic layer having a negative birefringence and comprising a compound that has discotic structure 

40 units, at the backlight side of the liquid crystal cell; in which disk surfaces of the discotic structure units are inclined 
to the surface of a transparent support at angles changed to each other for the transparent support surface with 
respect to the direction of depth of the optical anisotropic layer. 

(41 ) An anti-reflection film, in which any one of the anti-reflection film according to (1 1 ) to (23) is formed on a trans- 
parent support composed of triacetyl cellulose. 

45 (42) The anti-reflection film according to any one of (1 1) to (23), and (41), or the polarizing plate according to any 
one of (25) to (38), wherein the surface of the film at the side of the low-refractive-index layer has a kinematic fric- 
tion coefficient of 0.25 or less. 

(43) The anti-reflection film according to any one of (11) to (23), and (41) to (42), or the polarizing plate according 
to any one of (25) to (38), wherein the surface of the film at the side of said low- refractive-index layer, has a contact 

50 angle of 90 degrees or more with water. 

(44) A polarizing plate, which comprises the anti-reflection film according to anyone of (1 1) to (23) and (41) to (43), 
or the polarizing plate according to any one of (25) to (38), on or as at least one of the protective films of the polar- 
izing film. 

(45) An image display device, in which the anti-reflection film according to any one of (1 1) to (23) and (41) to (43), 
55 or the polarizing plate according to any one of (25) to (38), and (44) is disposed. 

[0040] Further, the optical anisotropic layer preferably satisfies the following conditions: 
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(1) The optical anisotropic layer, in which angles of disk surfaces of the discotic structure units with the surface of 
the transparent support are increased with the increase in distance f ronn the surface of the support, and the angles 
vary in the range of 0° to 90°. 

(2) The optical anisotropic layer having angles of disk surfaces of the discotic structure units with the surface of the 
transparent support, wherein the mininnunn value of the angle is within the range from 0 to 85° (more preferably, 
5-40°), while the maximum value of the angle Is within the range from 5° to 90° (more preferably, 30-85°). 

(3) The optical anisotropic layer contains cellulose ester (more preferably cellulose acetate butylate). 

(4) The optical anisotropic layer having the minimum value in the absolute value of retardation other than zero in 
the direction incline from the normal line of the polarizing plate. 

(5) The optical anisotropic layer, in which the substrate of the liquid crystal cell has an alignment layer subjected to 
a rubbing treatment In one direction as well as the optical anisotropic layer Is arranged In such manner that an angle 
of the direction in case of positively projecting the direction of the minimum value of retardation of the layer on the 
liquid crystal cell with the rubbing direction of the substrate of the liquid crystal cell adjacent to the layer is 90-270°. 

[0041] Next, preferable embodiments of the present Invention are described In detail. The scope of the present 
invention involves an invention furnished with any one of the following first to third embodiments, an invention furnished 
with two of the following first to third embodiments, and an invention furnished with all of the following first to third 
embodiments. 

First embodiment of the invention (Embodiment 1) 

[0042] The following will describe a basic constitution of an anti-reflection film of the present invention, which has a 

low-refractlve-lndex layer, and a hIgh-refractive-index layer that comprises inorganic fine particles having a core com- 
posed mainly of titanium dioxide, and a shell composed mainly of an inorganic compound other than titanium dioxide, 
with reference to the attached drawings. 

[0043] Fig. 1 is a schematic sectional view showing a main layer constitution of an anti-reflection film. 

[0044] The embodiment shown in Fig. 1 (a) has a layer constitution of a transparent support (3), a hard coat layer 

(4), a high -refractive-Index layer (1), and a low- refractive-index layer (2), In this order. The transparent support (3), a 
high-refractive-index layer (1), and the low-refractive-index layer (2) have the refractive indices satisfying the following 
relationship. 

Refractive index of high-refractive-lndex layer > 
Refractive Index of transparent support > 
Refractive index of low-refractive-index layer 

[0045] Further, in the case that an a nti- reflection film is placed on the surface of a hard material such as a glass (a 
screen surface of CRT, and a lens surface of glasses and cameras), a high-refractive-index layer (1) and a low-refrac- 
tive-index layer (2), without providing a transparent support (3) and a hard coat layer (4), may be formed directly on the 
screen surface or the lens surface. 

[0046] The embodiment shown in Fig. 1 (b) has a layer constitution of a transparent support (3), a hard coat layer 
(4), a high-refractive-lndex layer (1), a low-refractlve-lndex layer (2), and an over coat layer (6), In this order. The trans- 
parent support (3), the high-refractive-index layer (1), and the low-refractive-index layer (2) have the refractive indices 
satisfying the following relationship. 

Refractive index of high-refractive-lndex layer > 
Refractive index of transparent support > 
Refractive index of low-refractive-index layer 

[0047] With respect to the anti- reflection film having the layer structure as shown In Fig. 1 (b), as described in JP- 
A-59-50401 , each of the high -refractive- index layer and the low-refractive-lndex layer satisfies the following formulae (I) 
and (II), respectively. 

A, X 0.7 < n-i d^ < ^ A, X 1.3 (I) 

[0048] In formula (I), m represents a positive integer (generally 1 , 2, or 3), n-| represents a refractive index of the 
high -refractive-index layer, d-| represents a layer thickness (nm) of the high-refractive-index layer; and X represents the 
wavelength of the visible light, and is a value within the range of 380 to 680 nm. 
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^ X X 0.7 < < ^ A, X 1.3 (II) 

[0049] In formula (II), n represents a positive odd nunnber (generally 1), n2 represents a refractive index of the low- 
refractive-index layer, 62 represents a layer thickness (nm) of the low-refractlve-index layer; and X represents the wave- 
length of the visible light, and is a value within the range of 380 to 680 nnn. 

[0050] The embodiment shown In Fig. 1 (d) has a layer constitution of a transparent support (3), a hard coat layer 
(4), a middle-refractive-index layer (5), a high -refractive-index layer (1), a low- refractive -index layer (2), and an overcoat 
layer (6), in this order. The transparent support (3), the middle-refractive-index layer (5), the high -refractive- index layer 
(1), and the low-refractive-index layer (2) have the refractive indices satisfying the following relationship. 

Refractive index of the high-refractive-index layer > 
Refractive index of the middle-refractive-index layer > 
Refractive index of the transparent support > 
Refractive index of the low-refractive-index layer 

[0051] With respect to the anti- reflection film having the layer construction as shown in Fig. 1 (c), as described in 
JP-A-59-50401, each of the middle-refractlve-lndex layer, the hIgh-refractive-index layer and the low-refractive-lndex 
layer preferably satisfies the following formulae (III), (IV), and (V), respectively. 

^ X 0.7 < ng dg < ^ X X 1.3 (III) 

[0052] In formula (III), h represents a positive integer (generally 1 , 2, or 3), represents a refractive index of the 

middle-refractive-index layer, represents a layer thickness (nm) of the middle-refractive-index layer; and X represents 
the wavelength of the visible light, and is a value within the range of 380 to 680 nm. 

i ;i X 0.7 < n^ d4 < i X 1.3 (IV) 

[0053] In formula (IV), j represents a positive integer (generally 1 , 2, or 3), n4 represents a refractive index of the 
high-refractive-index layer, 64 represents a layer thickness (nm) of the high -refractive-index layer; and X represents the 
wavelength of the visible light, and is a value within the range of 380 to 680 nm. 

^Xx0.7<n5d5<^Xx1.3 (V) 

[0054] In formula (V), k represents a positive odd number (generally 1), represents a refractive Index of the low- 
refractive-index layer, represents a layer thickness (nm) of the low-refractive-index layer; and X represents the wave- 
length of the visible light, and is a value within the range of 380 to 680 nm. Herein, the terms "high refractive index", 
"middle refractive index", and "low refractive index", show the relative levels (differences) of refractive indexes among 
the layers. 

[Inorganic fine particles in high-refractive-index layer and middle-refractive-index layer] 

[0055] The high-refractive-index layer and the middle-refractive-index layer are preferably prepared by causing the 
two layers to comprise inorganic fine particles having the core/shell structure for use in the present invention. 
[0056] Figs. 2(a) and 2(b) are sectional views of preferable forms of inorganic fine particles used in the high-refrac- 
tive-index layer and the middle-refractive-index layer. In Fig. 2(a), a shell (8) is formed around a core (7). In Fig. 2(b), a 
shell (8) is formed around a core (7), and a shell (9) is further formed around the shell (8). 

[0057] As shown in Fig. 2(a), a single layer of the shell may be formed around the core (7). Plural layers (two layers 
in Fig. 2(b)) of the shell may be fomried in order to improve weathering resistance (light resistance and moisture/heat 

resistance) still more. Preferably, the core (7) is perfectly coated with the shell. 

[0058] The core (7) has titanium dioxide (for example, rutile, mixed crystal of rutile and anatase, anatase, and amor- 
phous structure) as its main component. The core preferably has rutile structure. The main component of the shell (8) 
and the shell (9) is an inorganic compound other than titanium dioxide. The word "main component" or the wording "be 
composed mainly of a certain component" means that this component is largest in content (% by weight) among all con- 
stituent components. 

[0059] The shell (8) and the shell (9) are made of an inorganic compound other than titanium dioxide, and they are 
preferably made of an oxide or sulfide of a metal. For example, there are used inorganic compounds whose main com- 
ponent is silicon dioxide (silica), aluminum oxide (alumina), zinc oxide, zirconium oxide, tin oxide, antimony oxide, 
indium oxide, iron oxide, zinc sulfide or the like. Preferable are silicon dioxide (silica), aluminum oxide (alumina), zirco- 



9 



EP 1 089 093 A2 



nium oxide, and zinc oxide. Especially preferable are aluminunn oxide (alumina) and silicon dioxide (silica). A mixture 
thereof may be used. 

[0060] Examples of other elements include Ti, Zr, Sn, Sb, Cu, Fe, Mn, Pb, Cd, As, Cr, Hg, Zn, Al, Mg, Si, P and S. 
[0061] The coating amount of the shell (8) and the shell (9) to the weight of the core (7) is 2-50% by weight, prefer- 

5 ably 3-40% by weight, and particulaly preferably 4-25% by weight on average. 

[0062] The most preferable manner for forming the shell (8) around the core (7) is a manner of forming titanium 
dioxide particles, which become the core (7), and subsequently forming the shell (8) around the core (7). 
[0063] Titanium dioxide, which become the core (7), is generally produced by the chlorine method or the sulfuric 
acid method, which is described in, for example, "Sanka Titan - Busshei to Oyo (Titanium oxide - physical properties 

10 and application)" (Chapter 2, written by Manabu Kiyono). 

[0064] Further, the manner for forming the shell (8) around the core (7) is exemplified in patent publications and lit- 
eratures. For example, GB Patent No. 1 ,134,249 describes a manner of forming aluminum oxide (alumina) as a shell. 
US Patent No. 3,410,708 and FATIPEC Congr. XIV (p. 697 (1978); H. Weber) describe a manner of forming, as a shell, 
porous silicon dioxide (silica) in low density, respectively. JP-B-58-47061 and US Patent No. 2,885,366, and U.S. Patent 

15 No. 3,437,502 describe a manner for forming dense silicon dioxide (silica) in high density, respectively. Besides, US Pat- 
ent No. 3,383,231 and GB Patent No. 2,629,953 describe a manner of forming zirconium oxide as a shell. GB Patent 
No. 1 ,365,999 describes a manner of forming tin oxide, and NL Patent No. 1 48,354 describes a manner of forming anti- 
mony oxide, respectively. 

[0065] As the inorganic fine particles used in the high-refractive-index layer and the middle-refractive-index layer, 
20 commercially available ones can be preferably used. 

[0066] The refractive index of the inorganic fine particles is preferably 1 .80-2.60, and more preferably 1 .90-2.50. 
[0067] The weight-average particle size of primary particles of the inorganic fine particles is preferably 1-150 nm, 

more preferably 1-100 nm, and most preferably 1-80 nm. 

[0068] In the case that the inorganic fine particles are contained in the high -refractive-index layer or the mlddle- 
25 refractive-index layer, the weight- average particle size of the dispersed inorganic fine particles is generally 1-200 nm, 
preferably 5-150 nm, more preferably 10-100 nm, and most preferably 10-80 nm. 

[0069] The average particle size of the inorganic fine particles can be measured by the light scattering method or 

through an electron microscopic photograph. 

[0070] The specific surface area of the inorganic fine particles is preferably 10-400 m^/g, more preferably 20-200 
30 m^/g, and most preferably 30-1 50 m^/g. 

[0071] The shape of the inorganic fine particles is preferably a rice grain shape, a spherical shape, a cubic shape, 
a spindle shape, or an indeterminate shape. 

[0072] The inorganic fine particles may be surface-treated with an organic compound. Examples of the organic 
compound used in the surface-treatment include polyol, alkanolamine, stearic acid, silane coupling agent, and titanate 
35 coupling agent. A silane coupling agent is most preferable. A combination of two or more surface-treatments may be 

performed. 

[0073] Two or more kinds of inorganic fine particles may be used in the high -refractive-index layer and the middle- 
refractive-index layer in combination. 

[0074] The ratio of the inorganic fine particles in the high-refractive-index layer, or in the middle-refractive-index 

40 layer, is generally 5-65 vol%, preferably 10-60 vol% and more preferably 20-55 vol%. 

[0075] The inorganic fine particles are used in the state that they are dispersed, to form the high-refractive-index 
layer and the middle-refractive-index layer. A dispersing medium for the inorganic fine particles in the high -refractive- 
index layer is preferably a liquid having a boiling point of 60-1 70 °C. Examples of the dispersing medium include water, 
alcohols (for example, methanol, ethanol, isopropanol, butanol and benzyl alcohol), ketones (for example, acetone, 

45 methylethylketone, methylisobutyl ketone and cyclohexanone), esters (for example, methyl acetate, ethyl acetate, propyl 
acetate, butyl acetate, methyl formate, ethyl formate, propyl formate, and butyl formate), aliphatic hydrocarbons (for 
example, hexane, and cyclohexane), halogenated hydrocarbons (for example, methylene chloride, chloroform, and tet- 
rachlorocarbon), aromatic hydrocarbons (for example, benzene, toluene, and xylene), amides (for example, dimethyl- 
formamide, dimethylacetoamlde, and n-methylpyrrolidone), ethers (for example, diethyl ether, dioxane, and 

50 tetrahydrofuran), and ether alcohol (for example, 1 -methoxy-2-propanol). Especially preferable are toluene, xylene, 
methylethylketone, methylisobutylketone, cyclohexanone, and butanol. 

[0076] The inorganic fine particles can be dispersed in the medium with a dispersing machine. Examples of the dis- 
persing machine include a sand grinder mill (for example, beads mill with pins), a high-speed impeller mill, a pebble mill, 
a roller mill, an attritor, and a colloid mill. The sand grinder mill and the high-speed impeller mill are especially prefera- 
55 ble. Further, preliminary dispersion treatment may be performed. Examples of the dispersing machine used in prelimi- 
nary dispersion treatment include a ball mill, a three-roll mill, a kneader, and an extruder. 
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[Polymer composed of organic compound in high-refractive-index layer and middle-refractive-index layer] 

[0077] In the polymer composed of an organic compound used in the high- refractive-index layer and the middle- 
refractive-index layer, a crosslinked polymer having an anionic group is preferably used as a binder. 
5 [0078] The crosslinked polymer having an anionic group has a structure wherein its main chain is crosslinked. The 
anionic group has a function to maintain the dispersion state of the Inorganic fine particles. The crosslinked structure 

has a function to impart film-forming ability to the polymer, to strengthen the resultant film. 

[0079] Examples of the main chain of the polymer include polyolefin (saturated hydrocarbon), polyether, polyurea, 
polyurethane, polyester, polyamine, polyamide, and melamine resin. Polyolefin, polyether and polyurea main chains are 

10 preferable. Polyolefin and polyether main chains are more preferable. A polyolefin main chain is most preferable. 

[0080] Any polyolefin main chain is composed of a saturated hydrocarbon. The polyolefin main chain can be 
obtained, for example, by addition polymerization reaction of an unsaturated polymerizable group. In polyether main 
chain, repeating units are connected to each other through ether bonds (-0-). The polyether main chain can be 
obtained, for example, by ring-opening polymerization of epoxy groups. In polyurea main chain, repeating units are con- 

15 nected to each other through urea bonds (-NH-CO-NH-). The polyurea main chain can be obtained, for example, by 
condensation polymerization of an isocyanate group and an amino group. In polyurethane main chain, repeating units 
are connected to each other through urethane bonds (-NH-CO-0-). The polyurethane main chain can be obtained, for 
example, by condensation polymerization of an isocyanate group and a hydroxyl group (an example of which includes 
an N-methylol group). In polyester main chain, repeating units are connected to each other through ester bonds (-CO- 

20 0-). The polyester main chain can be obtained, for example, by condensation polymerization of a carboxyl group (an 
example of which includes an acid halide group) and a hydroxyl group (an example of which includes an N-methylol 
group). In polyamine main chain, repeating units are connected to each other through imino bonds (-NH-). The 
polyamine main chain can be obtained, for example, by ring-opening polymerization of ethyleneimine groups. In polya- 
mide main chain, repeating units are connected to each other through amide bonds (-NH-CO-). The polyamide main 

25 chain can be obtained, for example, by reaction of an isocyanate group and a carboxyl group (an example of which 
includes an acid halide group). The melamine resin main chain can be obtained, for example, by condensation polym- 
erization of a triazine group (for example, melamine) and an aldehyde (for example, formaldehyde). In the melamine 
resin, its main chain itself has a crosslinking structure. 

[0081] The anionic group is connected directly to the main chain of the polymer, or connected to the main chain 
30 through a linking group. The anionic group is preferably connected as a side chain to the main chain through a linking 
group. 

[0082] Examples of the anionic group include a carboxylic acid group (carboxyl), a sulfonic acid group (sulfo), and 
a phosphoric acid group (phosphono). A sulfonic acid group, and a phosphoric acid group, are preferable. The anionic 
group may be in the state of a salt. The cation, which forms the salt with the anionic group, is preferably an alkali metal 
35 ion. Further, the proton of the anionic group may be dissociated. The linking group that connect the anionic group and 
the main chain of the polymer is preferably a divalent group selected from a group consisting of -CO-, -0-, an alkylene 
group, an arylene group, and a combination thereof. 

[0083] The crosslinking structure chemically bonds (preferably connects by a covalent-bond) two or more main 
chains. The crosslinking structure preferably connects three or more main chains by a covalent-bond. The crosslinking 
40 structure is preferably composed of a group having two or more valences, selected from -CO-, -0-, -S-, a nitrogen atom, 
a phosphorus atom, an aliphatic residue, an aromatic residue, and any combination thereof. 

[0084] The polymer is preferably a copolymer that has a repeating unit having an anionic group and a repeating unit 
having a crosslinking structure. The percentage of the repeating unit having an anionic group in the copolymer is pref- 
erably 2-96 wt%, more preferably 4-94 wt%, and most preferably 6-92 wt%. The repeating unit may have two or more 
45 anionic groups. 

[0085] The percentage of the repeating unit having an crosslinking structure in the copolymer is preferably 4-98 
wt%, more preferably 6-96 wt%, and most preferably 8-94 wt%. 

[0086] The repeating unit of the polymer may have both of the anionic group and the crosslinking structure. 
[0087] The polymer may contain one or more of other repeating units (units having neither anionic group nor 
50 crosslinking structure). Preferred examples of such other repeating units are a repeating unit having an amino group or 
a quaternary ammonium group, and a repeating unit having a benzene ring. Similarly to the anionic group, the amino 
group or the quaternary ammonium group also has a function to maintain the dispersion state of the inorganic fine par- 
ticles. 

[0088] The benzene ring has a function to increase the refractive index of the high -refractive-index layer. Even if the 
55 amino group, the quaternary ammonium group, orthe benzene ring is contained in the repeating unit having the anionic 
group orthe repeating unit having the crosslinking structure, the same effect can be obtained. 

[0089] In the repeating unit having an amino group or a quaternary ammonium group, the amino group or the qua- 
ternary ammonium group may be connected directly to the main chain of the polymer or connected to the main chain 
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through a linking group. The amino group or the quaternary annmonium group is preferably connected as a side chain 
to the main chain through a linking group. The amino group or the quaternary ammonium group is preferably a second- 
ary amino group, a tertiary amino group, or a quaternary ammonium group, and more preferably a tertiary amino group 
or a quaternary ammonium group. The group, which bonds to the nitrogen atom of the secondary amino group, the ter- 

5 tiary amino group, or the quaternary ammonium group, is preferably an alkyi group, more preferably an alkyi group hav- 
ing 1 -1 2 carbon atoms, and most preferably an alkyi group having 1 -6 carbon atoms. The counter ion of the quaternary 
ammonium group is preferably a halide ion. The linking group for bonding the amino group orthe quaternary ammonium 
group to the main chain of the polymer is preferably a divalent group selected from -CO-, -NH-, -0-, an alkylene group, 
an arylene group, and any combination thereof. 

10 [0090] If the polymer contains the repeating unit having an amino group or a quaternary ammonium group, the per- 
centage thereof is preferably 0.06-32% by weight, more preferably 0.08-30% by weight, and most preferably 0.1-28% 
by weight. 

[0091] In the repeating unit having a benzene ring, the benzene ring is connected directly to the main chain of the 
polymer, or connected to the main chain through a linking group. The benzene ring is preferably connected as a side 

15 chain to the main chain through a linking group. The benzene ring may have a substituent (for example, an alkyi group, 
a hydroxyl group, or a halogen atom). The linking group that connects the benzene ring to the main chain of the polymer 
is preferably a bivalent group selected from -CO-, -0-, an alkylene group, an arylene group, and a combination thereof. 
[0092] If the polymer contains the repeating unit having a benzene ring, the percentage thereof is preferably 2-98% 
by weight, more preferably 4-96% by weight, and most preferably 6-94% by weight. 

20 [0093] The crosslinked polymer having an anionic group is preferably formed by adding a monomer thereof to a 
coating solution (the above-mentioned dispersion solution of the inorganic fine particles) of the high-refractive-index 
layer, orthe middle-refractive-index layer, and then conducting crosslinking reaction or polymerization of the monomer 
at the same time or after coating the solution. The monomer having an anionic group functions as a dispersing agent 
for the inorganic fine particles in the coating solution. The amount of the monomer having an anionic group is preferably 

25 1 -50% by weight, more preferably 5-40% by weight, and most preferably 1 0-30% by weight based on the inorganic fine 
particles. Further, the monomer having an amino group or a quaternary ammonium group functions as a dispersing aid 
in the coating solution. The amount of the monomer having an amino group or a quaternary ammonium group, to that 
of the monomer having an anionic group, is preferably 3-33% by weight. If the polymer is formed by polymerization reac- 
tion simultaneously or after the coating of the layer, the functions of these monomers can be effectively exhibited before 

30 coating the layers. 

[0094] As the monomer having an anionic group, and the monomer having an amino group or a quaternary ammo- 
nium group, commercially available monomers may be used. 

[0095] Preferred examples of the commercially available monomer having an anionic group include KAYAMAR PM- 
21 , PM-2 (trade names, manufactured by Nippon Kayaku Co., Ltd.), Antox MS-60, MS-2N, MS-NH4 (trade names, man- 

35 ufactured by Nippon Nyukazai Co., Ltd.), ARONIX M-5000, M-6000, M-8000 series (trade names, manufactured by 
Toagosei Co., Ltd.), Biscoat #2000 series (trade names, manufactured by Osaka Organic Chemical md.), NEW FRON- 
TIER GX-8289 (trade name, manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd.), NK ESTER CB-1, A-SA (trade names, 
manufactured by Shin-Nakamura Chemical Co., Ltd.), AR-100, MR-100, AND MR-200 (trade names, manufactured by 
Daihachi Chemical Industry Co., Ltd.). 

40 [0096] Further, preferred examples of the commercially available monomer having an amino group or a quaternary 
ammonium group include DMAA (trade name, manufactured by Osaka Organic Chemical Ind. Ltd.), DMAEA, DMAPAA 
(trade name, manufactured by Kohjin Co., Ltd.), BLENMER QA (trade name, manufactured by NOF Co., Ltd.), and 
NEW FRONTIER C-1615 (trade name, manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd.). 

[0097] The polymerization reaction of the polymer may be a photopolymerization reaction or a thermal polymeriza- 

45 tion reaction. Photopolymerization reaction is preferable. 

[0098] Examples of a thermal polymerization initiator used in the polymerization reaction or the crosslinking reac- 
tion include inorganic peroxides such as potassium persulfate, and ammonium persulfate; azonitrile compounds such 
as sodium azobiscyanovalerate; azoamidine compounds such as 2,2'-azobis(2-methylpropioneamide)hydrochlorate; 
cyclic azoamidine compounds such as 2,2'-azobis[2-(5-methyl-2-imidazoline-2-yl)propane hydrochlorate; azoamide 

50 compounds such as 2,2'-azobis {2-methyl-N-[1 ,1'-bis(hydroxymethyl)-2-hydroxyethyl]propioneamide} ; azo compounds 
such as 2,2'-azobisisobutyronitrile, 2,2'-azobis(2,4-dimethylvaleronitrile), dimethyl-2,2'-azobIs(2-methylpropionate), 
dimethyl-2,2'-azobisisobutyrate; and organic peroxides such as lauryl peroxide, benzoyl peroxide, and tert-butyl peroc- 
toate. 

[0099] Examples of a photopolymerization initiator used in the polymerization reaction or the crosslinking reaction 
55 include acetophenones, benzoins, benzophenones, phosphine oxides, ketals, anthraquinones, thioxanthones, azo 
compounds, peroxides, 2,3-dialkyldione compounds, disulfide compounds, fluoroamine compounds, and aromatic sul- 
phoniums. Examples of acetophenones Include 2,2-diethoxyacetophenone, p-dimethylacetophenone, 1-hydroxydime- 
thyl phenyl ketone, 1-hydroxycyclohexyl phenyl ketone, 2-methyl-4-methylthio-2-morpholinopropiophenone, and 2- 
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benzyl-2-dimethylamino-1-(4-morpholinophenyl)-butanone. Examples of benzoins include benzoin nnethyl ether, ben- 
zoin ethyl ether, and benzoin isopropyl ether. Examples of benzophenones include benzophenone, 2,4-dichlorobenzo- 
phenone, 4,4-dichlorobenzophenone, and p-chlorobenzophenone. Examples of phosphine oxides include 2,4,6- 
trimethylbenzoyl diphenylphosphine oxide. 

[0100] Commercially available polymerization initiators may be used. A polymerization accelerator may be used 
together with any polymerization initiator. The addtion amount of the polymerization initiator and the polymerization 
accelerator is preferably 0.2-1 0% by weight of the total monomers. 

[0101] When the polymer is formed by photopolymerization reaction, examples of a light source, which can be 
used, include a low-pressure mercury lamp, a high-pressure mercury lamp, a superhigh-pressure mercury lamp, a 
chemical lamp, and a metal halide lamp. It is most preferable to use a high-pressure mercury lamp, which has a good 

radiation efficiency 

[0102] The coating solution (the inorganic fine particle-dispersed solution containing the monomer) may be heated 
to enhance the polymerization of the monomers (or oligomers). Further, thermosetting reaction of the formed polymer 
may be conducted as an additional treatment, by heating the polymer after the application and the subsequent photopo- 
lymerization reaction. 

[0103] Since the polymer having an anionic group is crosslinked, it is difficult to determine its molecular weight. 
[0104] The percentage of the crosslinked polymer having an anionic group in the high-refractive-index layer is gen- 
erally 35-95% by volume, preferably 40-90% by volume, and more preferably 45-80% by volume. 

[High-refractive-index layer and middle-refractive-index layer] 

[0105] Fig. 3 is a sectional schematic view of a high-refractive-index layer (1) (or a middle-refractive-index layer). A 
low-refractive -index layer is arranged on the high-refractive-index layer (1) shown in Fig. 3, and an image display device 
or a lens is located below the high-refractive-index layer (1). 

[0106] As shown in Fig. 3, the high -refractive -index layer (1) has no voids, and it is a layer wherein spaces between 
inorganic fine particles (1 1) are filled with a polymer (12). In the high-refractive-index layer (1), the inorganic fine parti- 
cles (11) having an average particle size of 1-200 nm are piled up (three particles in Fig. 3). The spaces between the 
inorganic fine particles (11) are filled with the polymer (1 2) composed of an organic compound. The polymer (12) com- 
posed of an organic compound is preferably a crosslinked polymer having an anionic group. 

[0107] The refractive index of the high -refractive-index layer is preferably 1 .65-2.40, and more preferably 1 .70-2.20. 
[0108] The refractive index of the middle-refractive-index layer is preferably 1.65-1.85, and more preferably 1.65- 
1.75. 

[0109] The refractive index can be obtained by measurement with an Abbe's refracto meter, or can be obtained from 
the shape of a spectral reflectance curve obtained from measurement of the spectral reflectance of a light from a layer 
surface. 

[0110] The thickness of the high-refractive-index layer or the middle-refractive-index layer is preferably 5-200 nm, 
more preferably 10-150 nm, and most preferably 30-100 nm. 

[01 1 1 ] The haze of the high-refractive-index layer or the middle-refractive-index layer is preferably 5% or less, more 
preferably 3% or less, and most preferably 1% or less. 

[0112] The strength of the high-refractive-index layer or the middle-refractive-index layer is preferably H or more, 
more preferably 2H or more, and most preferably 3H or more according to pencil hardness grades with 1 kg load. 

[Inorganic fine particles in low-refractive-index layer] 

[0113] The average particle size of the inorganic fine particles is generally 0.5-200 nm. As the particle size 
increases, forward scattering increases. If the particle size is over 200 nm, scattered light is colored. The average par- 
ticle size is preferably 1-100 nm, more preferably 3-70 nm, and most preferably 5-40 nm. The particle size distribution 
of the inorganic fine particles is preferably as narrow as possible (mono dispersion). 
[0114] The inorganic fine particles are preferably amorphous. 

[0115] Preferably the inorganic fine particles are made of a metal oxide. The metal atom is preferably Na, K, Mg, 
Ca, Ba, Al, Zn, Zr, Fe, Cu, Ti, Sn, In, W, Y, Sb, Mn, Ga, V, Nb, Ta, Ag, Si, B, Bi, Mo, Ce, Cd, Be, Pd, and NI, more pref- 
erably Al, Sn, Fe, In, Ti, Zn, Zr, and Si, and especially preferably Si. Inorganic materials comprising two kinds of metals 
may be used. 

[0116] Examples of the metal oxide include silicon dioxides (silica), aluminum oxides (alumina), tin oxides, zinc 
oxides, zirconium oxides, titanium dioxides (e.g rutile, mixed crystals of rutile/anatase, anatase, amorphous structure), 
indium oxides, and iron oxides. 

[0117] The inorganic fine particles are made of these metal oxides as amain component, and they may further con- 
tain other element(s). The term "main component" means a component having the largest content (% by weight) among 
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these components. Exannples of the other elements include Ti, Zr, Sn, Sb, Cu, Fe, Mn, Pb, Cd, As, Cr, Hg, Zn, Al, Mg, 
Si, P, and S. The inorganic fine particles are preferably amorphous. The inorganic fine particles are especially preferably 
silica. 

[0118] A dispersion of inorganic fine particles can be directly prepared by the sol-gel method (described in each 
5 publication of JP-A-53-112732 and JP-B-57-9051), or a precipitation method (described in "APPLIED OPTICS", 27, 
page 3356 (1 988)). Further, powder produced by a drying and sedimentation method can be mechanically crushed to 
obtain a dispersion. In addition, inorganic fine particles, which are commercially available (e.g., silicon dioxalde sol), 
may be used. 

[0119] For a formation of the low-refractive-index layer, the inorganic fine particles are preferably used in the state 
10 of dispersion in a suitable solvent. As a dispersion medium, preferred are water, alcohol (e.g., methanol, ethanol, iso- 
propyl alcohol, and 1- or 2-butanol), and ketone (e.g., methyl ethyl ketone, and methyl isobutyl ketone). 
[0120] The amount of the inorganic fine particles is generally from 50 to 95% by weight, preferably from 50 to 90% 
by weight, more preferably from 60 to 90% by weight, and especially preferably from 70 to 90% by weight, based on the 
weight of the low-refractive-index layer. 

15 

[Micro voids among inorganic fine particles in low- refractive-index layer] 

[0121] Fig. 4 is a sectional view schematically illustrating a preferable low-refractive-index layer. The upside of the 
anti-reflection film of Fig. 4 is a surface, while an image display device or a lens is placed at the downside. 

20 [0122] As shown in Fig. 4, micro voids (23) are formed among inorganic fine particles (21), in the low- refractive- 
index layer (2). The low-refractive-index layer (2) further contains a polymer (22) in an amount of 5 to 50% by weight. 
The polymer (22) combines the inorganic fine particles (21), but the voids (23) among particles are not filled with the 
polymer. As shown in Fig. 4, the voids (23) among particles are preferably closed (i.e. voids do not have openings) with 
both the polymers (22) and the inorganic fine particles (21). 

25 [0123] The void ratio of the low- refractive -index layer is generally 1 to 50% by volume, preferably 3 to 45% by vol- 
ume, and more preferably 5 to 35% by volume. Herein, the term "void ratio of the low-refractive-index layer" means the 
volume ratio (%) of the voids to the total volume of the low- refractive-index layer. 

[0124] If the void ratio increases, the refractive index of the low- refractive -index layer decreases. In the present 
invention, the size of micro voids among particles also can be easily adjusted to a suitable value (so as to cause neither 
30 a light-scattering nor a problem in a mechanical strength of the low-refractive-index layer), by properly adjusting the 
grain size of the inorganic fine particles. By this method, a low- refractive-index layer can be rendered to a porous film 
having microscopically fine voids, but an optically or macroscopically uniform film. 

[0125] By a formation of micro voids, the macroscopic refractive index of the low- refractive -index layer becomes 
lower than the total of refractive indices of fine particles and a polymer each constituting the low-refractlve-index layer. 

35 The refractive index of a layer is a total of refractive indices per volume of layer-constituting elements. The refractive 
index of the fine particles and the polymer is a value of more than 1 , while the refractive index of air is 1 .00. Therefore, 
a low- refractive -index layer having a remarkably low refractive index can be obtained by a formation of micro voids. 
[0126] The micro voids among particles are preferably closed by inorganic fine particles and a polymer in a low- 
refractive-index layer. The thus-closed voids has an advantage in that stain materials on the low-refractive-index layer 

40 surface are scarcely adhered to others, as compared to opening pores (apertures) in which an opening is toward the 
surface of a low- refractive-index layer. 

[Polymer in low-refractive-index layer] 

45 [0127] In the preferable low-refractive-index layer as shown in Fig. 4, the low-refractive-index layer contains a poly- 
mer in an amount of 5 to 50% by weight. The polymer has functions not only to combine (glue) inorganic fine particles, 
but also to maintain the structure of the low-refractive-index layer that contains micro voids among the particles. The 
amount of a polymer to be used is adjusted so as to keep the mechanical strength of the low-refractive-index layer with- 
out filling the voids with the polymer. The amount of a polymer is preferably 1 0 to 50% by weight, more preferably 1 0 to 

50 40% by weight, and especially preferably 1 0 to 30% by weight, based on a total amount of the low- refractive-index layer. 
[0128] In order to combine inorganic fine particles with the polymer, it is preferable to (1) bond the polymer to a sur- 
face-treating agent for the inorganic fine particles, or to (2) use the polymer as a binder for the inorganic fine particles. 
[0129] The polymer to be bonded to a surface-treating agent according to (1 ) is preferably a binder polymer accord- 
ing to (2). The polymer for use in (2) is preferably formed by adding monomers to a coating solution for the low-refrac- 

55 tive-index layer, and then polymerizing them simultaneously with or after coating the low- refractive-index layer. 
Preferably (1) and (2) are carried out in combination. 

[0130] (1) A surface treatment and (2) a binder are explained in this order. 
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(1) Surface treatment 



[0131] The inorganic fine particles are preferably subjected to a surface treatment to improve an affinity with the 
polymer. The surface treatment is classified into a physical surface treatment (e.g., plasma discharge treatment, and 

5 corona discharge treatment), and a chemical surface treatment using a coupling agent. The particles are preferably 
subjected to a chemical surface treatment only, or to a combination of chemical and physical surface treatments. 
[0132] As a coupling agent, an organoalkoxy metal compound (e.g., titanium coupling agents, and silane coupling 
agents) is preferably used. In the case that inorganic fine particles are made of silicon dioxide, a surface treatment using 
a silane coupling agent is particularly effective. 

10 [0133] A preferred silane coupling agent is represented by the following formula (la) or (lb). 



(la) 



Ob) 



15 



20 



R1 

R40-Si— OR2 
OR3 



RS 

R«0-Si— RO 
6r7 



25 wherein each of R\ R^, and independently represents an alkyi group having 1 to 10 carbon atoms, an aryl 

group having 6 to 1 0 carbon atoms, an alkenyl group having 2 to 1 0 carbon atoms, an alkynyl group having 2 to 10 car- 
bon atoms, or an aralkyi group having 7 to 10 carbon atoms, and each of R^, R^, R^, R^ and R® independently repre- 
sents an alkyI group having 1 to 6 carbon atoms or an acyl group having 2 to 6 carbon atoms. 
[01341 In the formula (la) or (lb), each of , and R^ preferably is an alkyI group, an aryl group, an alkenyl group, 

30 or an aralkyi group, more preferably is an alkyI group, an aryl group, or alkeneyl group, and most preferably is an alkyI 
group or an alkenyl group. The alkyI group, the aryl group, the alkenyl group, the alkynyl group, and the aralkyi group 
may have a substituent. Examples of the substituent include a glycidyl group, a glycidyloxy group, an alkoxy group, a 
halogen atom, an acyloxy group (e.g., acryloyloxy, methacryloyloxy), a mercapto group, an amino group, a carboxyl 
group, a cyano group, an isocyanato group, and an alkenylsulfonyl group (e.g., vinylsulfonyl). 

35 [0135] In the formula (la) or (lb), each of R^, R^, R^, R^ and R® preferably is an alkyI group. The alkyI group may 
have a substituent. Examples of the substituent include an alkoxy group. 

[0136] The silane coupling agent preferably has a double bond in its molecule, which can be combined with the pol- 
ymer by a reaction of the double bond. The double bond is preferably contained in the substituent of R\ R^ or R® in the 
formula (la) or (lb). 

40 [0137] An especially preferred silane coupling agent is represented by the following formula (Ha) or (lib). 



45 



(Ha) (Hb) 

U-CMX)-C=CH2 L2-0-C0-C=CHa 

R140-SI— OR12 R11 Riao-^l— R16 Ris 
OR13 OR17 



50 



wherein each of R^"* and R""^ independently represents a hydrogen atom, or a methyl group, R^® represents an 
alkyI group having 1 to 10 carbon atoms, an aryl group having 6 to 10 carbon atoms, an alkenyl group having 2 to 10 
carbon atoms, an alkynyl group having 2 to 1 0 carbon atoms, or an aralkyi group having 7 to 1 0 carbon atoms, and each 
55 of R""^, R""^, R""^, R""^, and R""^ independently represents an alkyI group having 1 to 6 carbon atoms or an acyl group 
having 2 to 6 carbon atoms. Each of L"" and represents a divalent linking group. 

[0138] In the formula (lib), R^® has the same meanings as for R^, R^, R"*, R'' and R^ in the formula (la) and (lb). 
[0139] In the formula (Ma) or (Mb), R"'^, R""^, R"""^, R""^, and R^^ have the same meanings as for R^, R^, R"^, R^ and 
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R*^ in the formula (la) or (lb). 

[0140] In the formula (lla) or (lib), each of L"" and preferably is an alkylene group, more preferably an alkylene 
group having 1 to 10 carbon atoms, further more preferably an alkylene group having 1 to 6 carbon atoms. 
[0141] Examples of the silane coupling agents represented by the formula (la) include methyltrimethoxysilane, 
methyltriethoxysilane, methyltrimethoxyethoxysilane, methyltriacetoxysilane, methyltributoxysilane, ethyltrimethoxysi- 
lane, ethyltriethoxysilane, vinyltrimethoxysilane, vinyltriethoxysilane, vinyltriacetoxysilane, vinyltrimethoxyethoxysilane, 
phenyltrimethoxysilane, phenyltriethoxysilane, phenyltriacetoxysilane, y-chloropropyltrimethoxysilane, y-chloropropyltri- 
ethoxysilane, y-chlorop ropy Itriacetoxysi lane, 3,3,3-trifluoropropyltrimethoxysilane, y-glycidyloxypropyltrimethoxysilane, 
y-glycidyloxypropyltriethoxysilane, y-(P-glycidyloxyethoxy)propyltrimethoxysilane, p-(3,4-epoxycyclohexyl)ethyltrimeth- 
oxysilane, p-(3,4-epoxycyclohexyl)ethyltriethoxysilane, y-acryloyloxypropyltrimethoxysilane, y-methacryloyloxypropyltri- 
methoxysilane, y-aminopropyltrimethoxysilane, y-aminopropyltriethoxysilane, y-mercaptopropyltrimethoxysilane, y- 
mercaptopropyitriethoxysilane, N-p-(aminoethyl)-y-aminopropyltrimethoxysilane, and P-cyanoethyltriethoxysilane. 
[0142] Silane coupling agents having a double bond in its molecule such as vinyltrimethoxysilane, vinyltriethoxysi- 
lane, vinyltriacetoxysilane, vinyltrimethoxyethoxysilane, y-acryloyloxypropyltrimethoxysilane, and y-methacryloyloxypro- 
pyltrimethoxysilane are preferred. Silane coupling agents represented by the formula (lla) such as y- 
acryloyloxypropyltrimethoxysilane and y-methacryloyloxypropyltrimethoxysilane are particularly preferred. 
[0143] Examples of the silane coupling agents represented by the formula (lb) include dimethyldimethoxysilane, 
phenylmethyldimethoxysilane, dimethyldiethoxysilane, phenylmethyldiethoxysilane, y-glycidyloxypropylmethyldi- 
ethoxysilane, y-glycidyloxypropylmethyldimethoxysilane, y-glycidyloxypropyiphenyldiethoxysilane, y-chloropropylmeth- 
yldiethoxysilane, dimethyldiacetoxysilane, y-acryloyloxypropylmethyldimethoxysilane, y-acryloyloxy- 

propylmethyldiethoxysilane, y-methacryloyloxypropylmethyldimethoxysilane, y-m eth aery loyloxyp ropy Imethyldi- 
ethoxysilane, y-mercaptopropylmethyldimethoxysilane, y-mercaptopropylmethyldiethoxysilane, y-ami nop ropy Imethyld- 
imethoxysilane, y-aminopropylmethyldiethoxysilane, methylvinyldimethoxysilane, and methylvinyldiethoxysilane. 
[0144] Silane coupling agents having a double bond in its molecule such as y-acryloyloxypropylmethyldimeth- 
oxysilane, y-acryloyloxypropylmethyldiethoxysilane, y-methacryloyloxypropylmethyldimethoxysilane, y-m eth aery loy- 
loxypropylmethyldiethoxysilane, methylvinyldimethoxysilane, and methylvinyldiethoxysilane are preferred. Silane 
coupling agents represented by the formula (Mb) such as y-acryloyloxypropylmethyldimethoxysilane, y-acryloyloxypro- 
pylmethyldiethoxysilane, y-methacryloyloxypropylmethyldimethoxysilane, y-methacryloyloxypropylmethyldiethoxysilane 
are especially preferred. 

[0145] Two or more silane coupling agents can be used in combination. 

[0146] Another silane coupling agents can be used in combination with the silane coupling agents represented by 
the formula (la) or (lb). Examples of other coupling agents include an alkyi orthosilicate (e.g., methyl orthosilicate, ethyl 
orthosilicate, n-propyl orthosilicate, i-propyl orthosilicate, n-butyl orthosilicate, sec-butyl orthosilicate, and t-butyl ortho- 
silicate) and a hydro lysed product thereof. 

[0147] The surface treatment using a coupling agent can be conducted by adding the coupling agent to a disper- 
sion of inorganic fine particles, and leaving the mixture at the room temperature to 60 °C, for several hours to 1 0 days. 
An inorganic acid (e.g., sulfuric acid, hydrochloric acid, nitric acid, chromic acid, hydrochlorous acid, boric acid, ortho 
silicic acid, phosphoric acid, carbonic acid), an organic acid (e.g., acetic acid, polyacrylic acid, benzensulfonic acid, 
phenol, polyglutamic acid), or a salt thereof (e.g., metal salt, ammonium salt) can be added to the dispersion to accel- 
erate the reaction of the surface treatment. Further, a heat treatment may be conducted. 

(2) Binder 

[0148] The binder polymer is preferably a polymer having a main chain of saturated hydrocarbon or polyether, more 
preferably a polymer having a main chain of saturated hydrocarbon. The binder polymer is preferably cross-linked. The 
polymer having a main chain of saturated hydrocarbon is preferably prepared by polymerization of ethylenically unsatu- 
rated monomers. For preparing a cross-linked binder polymer, monomers having two or more ethylenically unsaturated 
groups are preferably used. 

[0149] Examples of the monomers having two or more ethylenically unsaturated groups include esters of a polyhy- 
dric alcohol and a (meth)acrylic acids (e.g., ethyleneglycol dl(meth)acrylate, 1 ,4-cyclohexane diacrylate, pentaerythritol 
tetra(meth)acrylate, pentaerythritol tri(meth)acrylate, trimethylolpropane tri(meth)acrylate, trimethylolethane 
tri(meth)acrylate, dipentaerythritol tetra(meth)acrylate, dipentaerythritol penta(meth)acrylate, pentaerythritol 
hexa(meth)acrylate, 1 ,3,5-cyclohexanetriol triacrylate, polyurethane polyacrylate, polyester polyacrylate), vinyl ben- 
zene and its derivatives (e.g., 1 ,4-divinylbenzene, 4-vinylbenzoic acid-2-acryloylethyl ester, 1 ,4-divinylcyclohexanone), 
vinylsulfones (e.g., divinylsulfone) and acrylamides (e.g., methylene-bis-acrylamide) and methacrylamides. 
[0150] The polymer having a main chain of polyether is preferably synthesized by ring-opening polymerization of a 
polyfunctional epoxy compound. 

[0151] In place of or in addition to the monomer having two or more ethylenically unsaturated groups, crosslinked 
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structure may be introduced into the binder polymer by the reaction of a crosslinking group. Examples of the cross-link- 
ing functional group include isocyanate group, epoxy group, aziridine group, oxazoline group, aldehyde group, carbonyl 
group, hydrazine group, carboxyl group, methylol group, and active methylene group. Vinylsulfonic acid, acid anhydride, 
cyanoacrylate derivatives, melamine, etherified methylol, esters and urethane are also used to introduce the cross- 
linked structure. The functional groups, which exhibit cross-linking properties as a result of decomposition reaction, 
such as blocked isocyanate group, are also usable. 

[0152] Further, the term "crosslinking group" in this specification is not restricted to the above-mentioned com- 
pounds, but can be a group, which exhibits a reactivity as a result of decomposition reaction of the functional group, as 
mentioned above. 

[0153] The binder polymer is preferably formed by the steps of adding monomers to a coating solution for the low- 
refractive-index layer, and conducting polymerization (and if desired, crosslinking reaction) simultaneously or after the 
low-refractive-index layer is coated. For polymerization reaction, a polymerization initiator is preferably used. Examples 
of the initiator include the above-mentioned thermal polymerization initiators and photopolymerization initiators. 
[0154] To a coating solution for the low-refractive-index layer, a small amount of a polymer such as polyvinyl alco- 
hol, polyoxyethylene, polymethylmethacrylate, polymethylacrylate, diacetyl cellulose, triacetyl cellulose, nitro cellulose, 
polyester, and alkyd resins, may be added. 

[Low-refractive-index layer] 

[0155] The low- refractive-index layer is preferably a layer that contains the above-described inorganic fine particles 
and polymers, and also it has micro voids among these particles. 

[0156] The low-refractive-index layer has a refractive index preferably in the range of 1 .30 to 1 .55, and more pref- 
erably 1.35 to 1.50. 

[0157] The low-refractive-index layer has a thickness preferably in the range of 30 nm to 200 nm, more preferably 
in the range of 50 nm to 150 nm, and most preferably in the range of 60 nm to 120 nm. 

[0158] The haze of the low-refractive-index layer is preferably 5% or less, more preferably 3% or less, and most 
preferably 1% or less. 

[0159] The mechanical strength of the low- refractive -index layer is preferably H or more, more preferably 2H or 
more, and most preferably 3H or more, in terms of the pencil hardness per Kg load. 

[Transparent support] 

[01 60] An anti-reflection film preferably has a transparent support, except for the case where the anti-reflection film 
is placed directly on the surface of a CRT screen or a lens. 

[0161] As a transparent support, a plastic film is preferably used. Examples of the plastic film materials include cel- 
lulose esters (e.g., triacetyl cellulose, diacetyl cellulose, propionyl cellulose, butyryl cellulose, acetylpropionyl cellulose, 
and nitro cellulose), polyamides, polycarbonates, polyesters (e.g., polyethylene terephthalate, polyethylene naphtha- 
late, poly-1 ,4-cyclohexanedimethyleneterephthalate, polyethylene-1 ,2-diphenoxyethane-4,4'-dicarboxylate, polybuty- 
lene terephthalate), polystyrene (e.g., syndiotactic polystyrene), polyolefins (e.g., polyp ropy rene, polyethylene, and 
polymethylpentene), polysulfones, polyethersulfones, polyarylates, polyether imides, polymethylmethacrylates, and 
polyether ketones. Triacetyl cellulose, polycarbonate, polyethylene terephthalate and polyethylene naphthalate are pre- 
ferred. Triacetyl cellulose is particularly preferable. A triacetyl cellulose film subjected to saponification treatment is also 
preferably used. 

[0162] The film thickness of the transparent support is preferably 1 to 300 |Lim, more preferably 30 to 150 |iim, and 
particularly preferably 50 to 120 |Lim. The transparent support preferably has a light transmission of 80% or more, more 
preferably 86% or more. The haze of the support preferably 2.0% or less, more preferably 1 .0% or less. The support 
preferably has a refractive index of 1 .4 to 1 .7. 

[Hard coat layer] 

[0163] In order to give scratch-resistance to a transparent support, a hard coat layer is preferably provided to the 
surface of the support. 

[0164] The hard coat layer preferably contains crosslinked polymers. The hard coat layer containing a crosslinked 
polymer can be prepared by coating a coating solution containing polyfunctional monomers and a polymerization initi- 
ator on a transparent support, and thereafter polymerizing the polyfunctional monomers. The polyfunctional monomers 
are preferably esters of a polyhydric alcohol and an acrylic acid or methacrylic acid. Examples of the polyhydric alcohols 
include ethylene glycol, 1 ,4-cyclohexanol, pentaerythritol, trimethylolpropane, trimethylolethane, dipentaerythritol, 
1 ,2,4-cyclohexanol, polyurethane polyol, and polyester polyol. Of these materials, trimethylolpropane, pentaerythritol. 
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dipentaerythritol, and polyurethane polyol are preferred. Two or more kinds of polyfu notional mononners may be used 
in combination. 

[0165] For a polymerization reaction of polyfunctional monomers, a photopolymerization initiator is preferably used. 
Examples of the photopolymerization initiator include acetophenones, benzophenones, Michler's benzoylbenzoate, a- 
amyloxime ester, tetramethylthiuram monosulfide, and thioxanthones. In addition to the photopolymerization initiator, a 
photosensltizer may be used. Examples of the photosensitizer include n-butyl amine, triethyl amine, tri-n-butylphos- 
phine, Michler's ketone, and thioxanthones. 

[0166] The photopolymerization initiator is preferably used in the range of 0.1 to 15 parts by weight, and more pref- 
erably in the range of 1 to 1 0 parts by weight, based on 1 00 parts by weight of the polyfunctional monomer. 
[0167] The photopolymerization reaction is preferably carried out by an ultraviolet ray irradiation, after the hard coat 
layer is coated and dried. 

[0168] Filler is preferably added to the hard coat layer The filler has functions to enhance the hardness of the hard 
coat layer, and to restrain shrinkage on curing of polyfunctional monomers. As filler, inorganic or organic fine particles 
are preferably used. Examples of the inorganic fine particles include silicon dioxide particles, titanium dioxide particles, 
aluminium oxide particles, zirconium oxide particles, tin oxide particles, calcium carbonate particles, barium sulfate par- 
ticles, talc, kaolin, and calcium sulfate particles. Examples of the organic fine particles include methacrylic acid/methy- 
lacrylate copolymer, silicone resins, polystylene, polycarbonate, acrylic acid/stylene copolymer, benzoguanamine 
resins, melamine resins, polyolefin, polyester, polyamide, polyimide, and polyfluoroethylene. 

[0169] The fine particles, which are used as a filler, has a mean particle size preferably in the range of 0.01 to 2 |Lim, 
more preferably in the range of 0.02 to 0.5 |Lim. 

[0170] To the hard coat layer or a coating solution thereof, a coloring agent (pigments or dyes), an antiforming 
agent, a thickener, a leveling agent, a flame retardant, an ultra violet absorber, an antioxidant, or a modifier resin may 

further been added. 

[0171] The hard coat layer preferably has a thickness in the range of 1 to 15 iim. 
[Over coat layer] 

[0172] Each of Figs. 5(a)-(c) is a sectional schematic view of a low-refractive-index layer (2) and an over coat layer 
(6) in a preferred embodiment of the present invention. The low-refractive-index layer (2) contains inorganic fine particle 
(21) and a polymer (22). Voids (23) are made between the particles. 

[0173] The overcoat layer (6) shown in Fig. 5(a) contains fine particles of fluorine-containing compound (61). Since 
the openings of voids (23) in the low- refractive-index layer (2) are closed by the fine particles of fluorine-containing com- 
pound (61), the voids (23) remain in the low- refractive -index layer (2) after the formation of the overcoat layer (6). 
[0174] Concerning the over coat layer (6) shown in Fig. 5(b), the coating amount of the material of the over coat 
layer (6) is adjusted to such a degree that all of the voids in the low-refractive-index layer (2) are not filled up. Therefore, 
the voids (23) remain in the low-refractive-index layer (2) after the formation of the over coat layer (6). In Fig. 5(b), the 
material of the over coat layer (6a) occupys a part of the voids (23). 

[0175] Fig. 5(c) is a sectional schematic view of a low- refractive -index layer and an over coat layer in the most pref- 
erable embodiment of the present invention. The over coat layer (6) is made of a fluorine-containing polymer having a 
weight-average molecular weight of 20,000 or more. The over coat layer (6) covers unevenness of the surface of the 
low-refractive-index layer, but does not come into the voids (23) inside the low-refractive-index layer. Therefore, the 
voids (23) remain in the low-refractive-index layer (2) after the formation of the over coat layer (6). In this embodiment, 
even if the coating amount of the over coat layer (6) is set up to a value more than the volume of the voids (23) in the 
low-refractive-index layer, the voids remain. Therefore, in the embodiment shown in Fig. 5(c), the over coat layer (6) cov- 
ers the surface of the low-refractive-index layer (2) as a continuous layer. 

[0176] The over coat layer is formed by applying a coating solution comprising a fluorine-containing compound on 
the low-refractive-index layer. In the present invention, the percentage of the material of the over coat layer that occu- 
pies (fills) voids in the low-refractive-index layer is generally less than 70% by volume, preferably less than 50% by vol- 
ume, more preferably less than 40% by volume, still more preferably less than 30% by volume, and most preferably less 
than 20% by volume. 

[0177] The refractive index of the fluorine-containing compound for use in the overcoat layer is preferably 1 .35 to 
1 .50, more preferably 1 .36 to 1 .47, and further preferably 1 .38 to 1 .45. 

[0178] The fluorine-containing compound used in the over coat layer preferably contains 35-80% by weight, and 
more preferably 45-75% by weight of fluorine atoms. 

[0179] As the fluorine-containing compound, there is preferably used a fluorine-containing surfactant, a fluorine- 
containing polymer, a fluorine-containing ether or a fluorine-containing silane compound. 

[0180] The hydrophilic moiety of the fluorine-containing surfactant may be anionic, cationic, nonionic, or ampho- 
teric. In the fluorine-containing surfactant, a part or all of hydrogen atoms of hydrocarbon that constitute the hydropho- 
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bic moiety thereof are substituted with fluorine atoms. 

[0181] The fluorine-containing polymer is preferably synthesized by crosslinking reaction or polymerization reaction 
of an ethylenic unsaturated monomer containing fluorine atom(s). Examples of the ethylenic unsaturated monomer con- 
taining fluorine atom(s) include fluoroolefin (for example, fluoroethylene, vinylidene fluoride, tetrafluoroethylene, hex- 
afluoropropylene, perfluoro-2,2-dimethyl-1 ,3-dioxol), fluorinated vinyl ether, and an ester of a fluorine-substituted 
alcohol and acrylic acid or methacrylic acid. A copolymer comprising a repeating unit containing a fluorine atom, and a 
repeating group containing no fluorine atom, may be used as the fluorine-containing polymer. The repeating unit con- 
taining no fluorine atom is preferably obtained by polymerization reaction of the ethylenically unsaturated monomer 
containing no fluorine atom. Examples of the ethylenically unsaturated monomer that contains no fluorine atom include 
olefins (for example, ethylene, propylene, isoprene, vinyl chloride, and vinylidene chloride), acrylic esters (for example, 
methyl acrylate, ethyl acrylate, acrylic acid-2-ethylhexyl), methacrylic esters (for example, methyl methacrylate, ethyl 
methacrylate, butyl methacrylate, and ethyleneglycol dimethacrylate), styrenes and derivatives thereof (for example, 
styrene, divinylbenzene, vinyltoluene, and a-methylstyrene), vinyl ethers (for example, methyl vinyl ether), vinyl esters 
(for example, vinyl acetate, vinyl propionate, and vinyl cinnamate), acrylamides (for example, N-tert-butylacrylamide, N- 
cyclohexylacrylamide), methacrylamides and acrylonitrile. 

[0182] The fluorine-containing ether is a compound, which is generally used as a lubricant. An example of the flu- 
orine-containing ether is perfluoropolyether. 

[0183] Examples of the fluorine-containing silane compound include silane compounds containing a perfluoroalkyi 
group (for example, (heptadecafluoro-1 ,2,2,2-tetradecyl)triethoxysilane). 

[0184] It is especially preferable that the fluorine-containing polymer is used in the overcoat layer. The fluorine-con- 
taining polymer preferably has a crosslinking group or polymerizable group. The crosslinking group or polymerizable 
group is introduced as a side chain into the fluorine-containing polymer. The crosslinking group or polymerizable group 
is a functional group causing the fluorine-containing polymer to be crosslinked or polymerized by reaction based on irra- 
diation of light (preferably ultraviolet rays), irradiation of an electron beam (EB), or heating. Examples of the crosslinking 
group or polymerizable group include acryloyi, methacryloyi, isocyanate, epoxy, aziridine, oxazoline, aldehyde, carbo- 
nyl, hydrazine, carboxyl, methylol, and active methylene groups. As the crosslinking fluorine polymer, commercially 
available products may be used. 

[0185] The crosslinking reaction or polymerization (light irradiation, irradiation of an electron beam, and heating) of 
the fluorine-containing polymer is preferably performed at the same time when the over coat layer is applied or after the 
application of the layer. 

[0186] In the case that the fluorine-containing compound is used in the form of fine particles, the particle size 
thereof is preferably 5-60 nm, more preferably 10-40 nm, and most preferably 15-35 nm. 

[0187] The coating amount of the over coat layer is preferably adjusted in the manner that the percentage of the 
material of the over coat layer, which occupies voids made in the low-refractive-index layer before the formation of the 
over coat layer, is preferably less than 70% by volume, more preferably less than 60% by volume, and most preferably 

less than 50% by volume. 

[0188] The thickness of the over coat layer is preferably 1 -50 nm, more preferably 3-25 nm, and most preferably 5- 
20 nm. 

[Anti-reflection film] 

[0189] It is allowable to add, to the respective layers of the anti-reflection film or a coating solution thereof, not only 
the above-mentioned components (the inorganic fine particles, the polymer, the dispersing medium, the polymerization 
initiator, and the polymerization accelerator) but also a polymerization inhibitor, a leveling agent, a thickener, an anti- 
coloring agent, an ultraviolet ray absorber, a silane coupling agent, an antistatic agent, and an adhesive agent. 
[0190] Examples of the leveling agent include fluorinated alkyi esters (for example, FC-430 and FC-431 (trade 
names) made by Sumitomo 3M Ltd.), and polysiloxanes (for example, SF1023, SF1054, and SF1079 (trade names) 
made by General Electric Co., DC190, DC200, DC510, and DC1248 (trade names) made by Dow Corning Co., and 
BYK300, BYK310, BYK320, BYK322, BYK330, and BYK370 (trade names) made by BYK Chemie Co.). 
[0191] The respective layers of the anti- reflection film can be formed by application, according to any one of dip 
coat, air knife coat, curtain coat, roller coat, wire bar coat, gravure coat, and extrusion coat (described in USP No. 
2681294) methods. Two or more layers may be applied at the same time. The method for application at the same time 
is described in USP Nos. 2761 791 , 2941 898, 3508947, and 3526528, and in p. 253 of "Coating Kogaku (Coating Engi- 
neering)" written by Yuji Harasaki and published by Asakura Syoten (1973). 

[0192] The reflectivity of the anti -reflection film is preferably as low as possible. Specifically, the average reflectance 
in the wavelength range of 450 to 650 nm is preferably 2% or less, more preferably 1% or less, and most preferably 

0.7% or less. The haze of the anti-reflection film is preferably 3% or less, more preferably 1% or less, and most prefer- 
ably 0.5% or less. The strength of the anti-reflection film is preferably H or more, more preferably 2H or more, and most 
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preferably 3H or more according to 1 kg load pencil hardness. 

[01 93] A layer other than the above -nnentioned layers may be fitted to the anti- reflection filnn. For exannple, an adhe- 
sive layer, a shield layer, a slip layer, or an antistatic layer, as well as a hard coat layer, may be provided on the trans- 
parent support. The shield layer is provided to shield electromagnetic waves and infrared rays. 

[0194] The anti-reflection film may have an antiglare function for scattering light from the outside. The antiglare 
function can be gained by making unevenness in a surface of the anti-reflection film. For example, relatively large grains 
(grain size: 50 nm to 2 |Lim) may be added in a small amount (0.1 to 50% by weight) to the low- refractive -index layer, the 
high -refractive- index layer, the middle-refractive-index layer, or the hard coat layer. In the case that the anti -reflection 
film has the antiglare function, the haze of the anti-reflection film is preferably 3-30%, more preferably 5-20%, and most 
preferably 7-20%. 

[0195] The anti-reflection film is used in an image display device such as a liquid crystal display device (LCD), a 
plasma display panel (PDP), an electroluminescence display (ELD), or a cathode ray tube display device (CRT). The 
transparent support side of the anti-reflection film is bonded to the image display face of an image display device. 
[0196] Figs. 6(a)-(d) are sectional schematic views of various embodiments wherein an anti-reflection film is used 
in an image display device. Fig. 6(a) shows a preferred embodiment wherein an anti-reflection film is used in a PDP, an 
ELD or a CRT Concerning to the anti -reflection film, its transparent support (3) is bonded to the image display face of 
an image display device through an adhesive layer (A). 

[0197] Figs. 6(b), (c) and (d) show preferred embodiments wherein an anti-reflection film is used in an LCD. In Fig. 
6(b), concerning to an anti-reflection film, its transparent support (3) is bonded to a polarizing plate protecting film (B- 
1) through an adhesive layer (A), and the other polarizing plate preventing film (B-2) is bonded to the image display face 
of an image display device through an adhesive layer (A). 

[0198] In Fig. 6(c), concerning to an anti-reflection film, its transparent support (3) is bonded to a polarizing plate 
(C) through an adhesive layer (A), and a polarizing plate protecting film (B-2) is bonded to the image display face of an 
image display device through an adhesive layer (A). 

[0199] In Fig. 6(d), concerning to an anti-reflection film, its transparent support (3) is bonded directly to a polarizing 
plate (C), and a polarizing plate protecting film (B-2) is bonded to the image display face of an image display device 
through an adhesive layer (A). 

[0200] Additives such as grains and dyes may be added to the adhesive layer (A). 

[0201] With respect to the Embodiment 1, additional modifications or changes can be made as described in items 
(i) to (viii) below. 

(i) The anti -reflect! on film according to (1) to (10), in which one of the high-refractive-index layer or low-refractive 
index layer is formed by crosslinking reaction or polymerization reaction of an ionizing-radiation-curable resin com- 
position, under atmosphere where oxygen concentration is 15 vol% or less. 

(ii) The anti-reflection film according to (i), wherein the atmosphere of oxygen concentration of 15 vol% or less is 

realized by purging by nitrogen. 

(iii) The anti-reflection film according to (i) or (ii), wherein the oxygen concentration is 6 vol% or less. 

(iv) An anti-reflection film, in which any one of the anti- reflection film according to (1) to (10) and (i) to (iii) is formed 
on a transparent support composed of triacetyl cellulose. 

(v) The anti-reflection film according to any one of (1 ) to (1 0), and (i) to (iv), wherein a surface of the film at the side 
of the low-refractive-index layer has a dynamic friction coefficient of 0.25 or less. 

(vi) The anti- reflection film according to any one of (1) to (10), and (i) to (v), wherein the surface of the film at the 
side of said low-refractive-index layer, has a contact angle of 90 degrees or more with water. 

(vii) A polarizing plate, which comprises the anti-reflection film according to any one of (1) to (10) and (i) to (vi), on 
or as at least one of the protective films of the polarizing film. 

(viii) An image display device, in which the anti- reflection film according to any one of (1) to (10) and (i) to (vi), or 
the polarizing plate according to (vii), is disposed on the image display surface. 

[0202] In addition, the descriptions of the preferable mode in the Embodiment 1 are given below. 

[Polymer composed of organic compound in high-refractive-index layer and middle-refractive-index layer] 

[0203] When the polymer is formed by photopolymerization, it is preferable to conduct the formation under the 

atmosphere where the oxygen concentration is 15 vol% or less. 

[0204] For example, the polymer can be formed by applying, on a transparent support, a coating solution containing 
a composition of an ionizing-radiation-curable resin having a photopolymerizing functional group (a polyfunctional mon- 
omer and a polyfunctional oligomer, or the like), and then by subjecting the ionizing-radiation-curable resin composition 
to photocrosslinking reaction or photopolymerization reaction. 
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[0205] As the photopolymerizing functional polymer, an unsaturated polymerizing functional group, such as an 
acryloyloxy group, math aery by loxy group, vinyl group, styryl group, allyl group, or the like, can be mentioned. Among 
these, an acryloyloxy group is preferable. 

[0206] Specific example of the photopolymerizing polyfunctional monomer having a photopolymerizing functional 
group may include, (meth)acrylic diesters of alkyleneglycol such as, neopentyl glycol acrylate, 1,6-hexane- 
diol(meth)acrylate, propyleneglycol (meth)acrylate; (meth)acrylic diesters of polyoxyalkyleneglycol such as, triethyl- 
eneglycol di(meth)acrylate, dipropyleneglycol di(meth)acrylate, polyethyleneglycol di(meth)acrylate, 
polypropyleneglycol di(meth)acrylate; (meth)acrylic diesters of polyhydric alcohol, such as pentaerythritol di(meth)acr- 
ylate; and (meth)acrylic diesters of ethyleneoxide or propyleneoxide adducts such as, 2,2-bis{4-(acryloxy • 
diethoxy)phenyl}propane, 2,2-bis{4-(acryloxy • polypropoxy)phenyl}propane. 

[0207] In addition to the above, epoxy(meth)acrylates, urethane(meth)acrylates, polyester(meth)acrylates, can be 
preferably used as a photopolymerizable polyfunctional monomer. 

[0208] Among the above, esters of polyhydric alcohol and (meth)acrylic acid is preferable, and a polyfunctional 
monomer having 3 or more (meth)acryloyloxy groups in a molecule is more preferable. In concrete, trimethylolpropane 
tri(meth) acrylate, trimethylolethane tri(meth)acrylate, 1 ,2,4-cyclohexane tetra(meth)acrylate, pentaglycerol triacrylate, 
pentaerythritol tetra(meth)acrylate, pentaerythritol tri(meth)acrylate, (di) pentaerythritol triacrylate, (di)pentaerythritol 
pentaacrylate, (di)pentaerythritol tetra(meth)acrylate, (di)pentaerythritol hexa(meth)acrylate, tripentaerythritol triacr- 
ylate, tri pentaerythritol hexatriacrylate can be mentioned. 

[0209] Two or more of the above polyfunctional monomers can be used in combination. 

[0210] In the polymerization reaction of the photopolymerizing polyfunctional monomer, a photopolymerization ini- 
tiator is preferable used. As the photopolymerization initiator, a photo-radical-polymerization initiator and a photo-cat- 
ion-polymerization initiator are preferable, and a photo-radical-polymerization initiator is particularly preferable. 
[021 1 ] As the specific examples of the photo-radical-polymerization initiator, can be mentioned are acetophenones, 
benzophenones, Michler's benzoylbenzoates, a-amyloxime esters, tetramethylthiuram monosulfide, and thioxantho- 
nes. 

[0212] As a commercially available photo radical polymerization initiator, can be mentioned are KAYACURE 
(DETX-S, BP-1 00, BDMK, CTX, BMS, 2-EAQ, ABQ, CPTX, EPD, ITX, QTX, BTC, MCA, or the like) (trade names) man- 
ufactured by Nippon Kayaku Co., Ltd., IRGACURE (651 , 1 84, 500, 907, 369, 1 1 73, 2959, 4265, 4263, or the like) (trade 
names) manufactured by Nippon Ciba-Geigy Co., Esacure (KIP100F, KB1, EB3, BP, X33, KT046, KT37, KIP150, TZT, 
or the like) (trade names) manufactured by Thertomer Co. 

[0213] Particularly, a photocleavage-type photo-radical-polymerization initiator is preferable. The photocleavage- 
type photo-radical-polymerization initiator is described in "Saishin UV-Koka Gijutsu (New UV Curing Technology)" page 
159, published by Kazuhiro Takabo; publishing company, Gijutsu Joho Kyokai, 1991). 

[0214] As a commercially available photocleavage-type photo-radical-polymerization initiator, Irugacure (651, 184, 
and 907) (trade names) manufactured by Nippon Ciba-Geigy Co., or the like can be mentioned. 
[021 5] The photopolymerization initiator is preferably used in the rage of 0.1 to 1 5 weight parts, and more preferably 
1 to 10 weight parts, to 100 weight parts of the polyfunctional monomer. 

[0216] In addition to the photopolymerization initiator, a photosensitizer can be utilized. Examples of the photosen- 
sitizer include n-butyl amine, triethyl amine, tri-n-butylphosphine, Michler's ketones, and thioxanthones. 
[0217] As a commercially available photosensitizer, KAYACURE (DMBI, EPA) (trade names) manufactured by Nip- 
pon Kayaku Co., Ltd. or the like can be mentioned. 

[0218] The chemical resistance and physical strength (abrasion resistance or the like) of high-refractive-index layer, 
and middle-refractive-index layer can be improved by forming the polymer under the atmosphere where the oxygen 
concentration is 15 vol% or less. 

[0219] Preferably the formation of polymer by crosslinking reaction or polymerization reaction is conducted under 
atmosphere of oxygen concentration being 6 vol% or less, and further preferably oxygen concentration being 3 vol% or 
less, and particularly preferably oxygen concentration being 2 vol% or less. 

[0220] As a method to make the oxygen concentration being 15 vol% or less, preferable is a method wherein the 

air (nitrogen concentration, about 79 vol%; oxygen concentration about 21 vol%) is displaced with another gas, and par- 
ticularly preferable is a method wherein the air is displaced by nitrogen (purging by nitrogen). 

[Polymer in low-refractive-index layer] 

(2) Binder 

[0221] The polymerization reaction of the binder polymer is preferably a photopolymerization reaction. 

[0222] When a binder polymer is formed by photopolymerization reaction, it is preferable to conduct the reaction 

under atmosphere of an oxygen concentration of 15 vol% or less. 
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[0223] By forming the binder polymer under the atmosphere of the oxygen concentration of 15 vol% or less, it is 
possible to improve the chemical resistance and physical strength (abrasion resistance property or the like) of the low- 
refractive-index layer. 

[0224] Preferably the formation of binder polymer by crosslinking reaction or polymerization reaction is conducted 
under atmosphere of oxygen concentration being 6 vol% or less, and further preferably oxygen concentration being 3 
vol% or less, and particularly preferably oxygen concentration being 2 vol% or less. 

[0225] As a method to make the oxygen concentration being 15 vol% or less, preferable is a method wherein the 
air (nitrogen concentration, about 79 vol%; oxygen concentration about 21 vol%) is displaced with another gas, and par- 
ticularly preferable is a method wherein the air is displaced by nitrogen (nitrogen purge). 

[Anti-reflection film] 

[0226] The reflectivity of the anti-reflection film is preferably as low as possible. Specifically, the average reflectance 
in the wavelength range of 450 to 650 nm is preferably 2% or less, more preferably 1% or less, and most preferably 
0.7% or less. The haze of the anti -reflection film is preferably 3% or less, more preferably 1% or less, and most prefer- 
ably 0.5% or less. 

[0227] To further improve physical strength (such as abrasion resistance) of the anti -reflection film, the dynamic 
friction coefficient of the surface of the side having the low-refraction-index layer is preferably 0.25 or less. Herein, the 
dynamic friction coefficient means a dynamic friction coefficient between a stainless steel ball having a diameter of 5 
mm and the surface of the low- refractive-index layer side; when the stainless steel ball is moved on the surface of the 
low-refractive-index layer side, under a load of 1 00 g onto the stainless steel ball, at a rate of 60 cnn/min. The dynamic 
friction coefficient is more preferably 0.17 or less, and particularly preferably 0.15 or less. In addition, the film strength 
of the anti-reflection film is preferably H or more, more preferably 2H or more, and particularly preferably 3H or more, in 
the pencil hardness test according to JIS K 5400. 

[0228] Further, to improve the stainproofing property of the anti-reflection film, the contact angle of the surface of 
the side having the low-refractive-index layer with water is preferably 90 degrees or more, more preferably 95 degrees 
or more, and particularly preferably 100 degrees or more. 

[0229] Both the values of the dynamic friction coefficient and the contact angle with water are preferably kept even 
after application of the anti- reflection film of the present invention to a polarizing plate. 

[0230] A layer other than the above-mentioned layers may be provided on to the anti- reflection film. For example, 
an adhesive layer, a shield layer, a slip layer, or an antistatic layer, as well as a hard coat layer, may be provided on the 
transparent support. The shield layer is provided to shield electromagnetic waves and infrared rays. 
[0231] It is allowable to add, to the respective layers of the anti-reflection film or a coating solution thereof, not only 
the above-mentioned components (the inorganic fine particles, the polymer, the dispersing medium, the polymerization 
initiator, and the polymerization accelerator) but also a polymerization inhibitor, a leveling agent, a thickener, an anti- 
coloring agent, an ultraviolet ray absorber, a silane coupling agent, an antistatic agent, arid an adhesive agent. 
[0232] Examples of the leveling agent include fluorinated alkyi esters (for example, FC-430 and FC-431 (trade 
names) made by Sumitomo 3M Ltd.), and polysiloxanes (for example, SF1023, SF1054, and SF1079 (trade names) 
made by General Electric Co., DC190, DC200, DC510, and DC1248 (trade names) made by Dow Corning Co., and 
BYK300, BYK310, BYK320, BYK322, BYK330, and BYK370 (trade names) made by BYK Chemie Co.). 

[Image display device] 

[0233] The anti -reflection film is used in an image display device such as a liquid crystal display device (LCD), a 
plasma display panel (POP), an electro luminescence display (ELD), or a cathode ray tube display device (CRT). The 
transparent support side of the anti-reflection film is bonded to the image display face of an image display device. 
[0234] Fig. 6(a)-(d) is a summarized sectional view which typically shows various embodiments of the application 
of the anti-reflection film of the present invention to an image display device. 

Second embodiment of the invention (Embodiment 2) 

[0235] The following will describe an anti-reflection film having a low-refractive-index layer, wherein fine voids are 
made between short fibrous inorganic fine particles, referring to drawings showing a basic constitution of the anti-reflec- 
tion film. 

[0236] Figs. 7(a)-(d) are sectional schematic views showing a layer constitution of an anti -reflection film, when the 
anti-reflection film has multiple layers. 

[0237] The embodiment shown in Fig. 7(a) has a layer constitution of a transparent support (1 03), a hard coat layer 
(102), and a low-refractive-index layer (101), in this order. The transparent support (103) and the low-refractive-index 
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layer (101) have the refractive indices satisfying the following relationship. 

Refractive index of transparent support > 
Refractive index of low-refractive-index layer 

[0238] Further, in the case that an anti-reflection filnn is placed on the surface of a hard material as a glass (a screen 
surface of CRT, and a lens surface of glasses and cameras), a low-refractive-index layer (101) and a hardcoat layer 
(102) may be formed directly on the screen surface or the lens surface, without a transparent support (103). 
[0239] The embodiment shown in Fig. 7(b) has a layer constitution of a transparent support (1 03), a hardcoat layer 
(102), a low-refractive-index layer (101), and a overcoat layer (106), in this order. The transparent support (103) and 
the low-refractive-index layer (101) have the refractive indices satisfying the following relationship. 

Refractive index of transparent support > 
Refractive index of low-refractive-index layer 

[0240] The embodiment shown in Fig. 7(c) has a layer constitution of a transparent support (1 03), a hard coat layer 
(102), a high-refractive-index layer (104), a low-refractive-index layer (101), and a over coat layer (106), in this order. 
The transparent support (103), the high-refractive-index layer (104), and the low-refractive-index layer (101) have the 
refractive indices satisfying the following relation. 

Refractive index of high-refractive-index layer > 
Refractive index of transparent support > 
Refractive index of low-refractive-index layer 

[0241] With respect to the anti-reflection film having the layer constitution as shown In Fig. 7(c), as described in JP- 
A-59-50401 , each of the high-refractive-index layer and the low-refractive-index layer preferably satisfies the above 
mentioned equation (I) and equation (II), respectively. 

[0242] The embodiment shown in Fig. 7(d) has a layer constitution of a transparent support (1 03), a hard coat layer 
(1 02), a middle-refractive-index layer (1 05), a high-refractive-index layer (1 04), a low-refractive-index layer (1 01), and a 
over coat layer (106), in this order. The transparent support (103), the middle-refractive-index layer (105), the high- 
refractive-index layer (104), and the low-refractive-index layer (101) have the refractive indices satisfying the following 
relationship. 

Refractive index of high -refractive-index layer > 
Refractive index of middle-refractive-index layer > 

Refractive index of transparent support > 
Refractive index of low- refractive -index layer 

[0243] With respect to the anti-reflection film having the layer constitution as shown in Fig. 7(d), as described in JP- 
A-59-50401 , each of the middle-refractive-index layer, the high-refractive-index layer, and the low- refractive-index layer 
preferably satisfies the above-mentioned equations (III), (IV) and (V), respectively. 

[Short fibrous inorganic fine particles in low-refractive-index layer] 

[0244] Preferable examples of the short fibrous inorganic fine particles include (a) needle-shaped particles, (b) 
chain-state particles formed by plural sphere particles connected with each other, and (c) pearl-like (pearl necklace- 
shaped) particles formed by plural sphere particles connected with each other, as shown in Fig. 8, are preferred. Espe- 
cially, chain-state particles formed by plural sphere particles connected with each other as shown in Fig. 8 (b) are pref- 
erable. 

[0245] As to the size of the particles, preferred are a mean diameter (D) of 5 to 30 nm, a length (L) of 1 5 to 1 00 nm, 
and an aspect ratio (L/D) of 3 to 20, more preferably a mean diameter (D) of 5 to 25 nm, a length (L) of 20 to 80 nm, 
and an aspect ratio (D/L) of 4 to 15, particularly preferably a mean diameter (D) of 5 to 20 nm, a length (L) of 30 to 60 
nm, and an aspect ratio (L/D) of 3 to 10. 

[0246] Preferably the short fibrous Inorganic fine particles (inorganic short fibers) are made of a metal oxide. The 
metal atom is as same to those mentioned in the description of [Inorganic fine particles in low- refractive -index layer] of 
the above-described embodiment 1. Inorganic materials comprising two kinds of metals may be used, as same to the 
description of [Inorganic fine particles in low- refractive-index layer] of the above-described embodiment 1 . 
[0247] The short fibrous inorganic fine particles are made of a main component of these metal oxides, and they 
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may further contain other element(s). The ternn "main component" means a component having the largest content (% 
by weight) among components forming the particles. Examples of the other elements is similar to the description of 
[Inorganic fine particles in low- refractive -index layer] of the above-described embodiment 1 . The short fibrous inorganic 
fine particles are preferably amorphous. The short fibrous inorganic fine particles are especially preferably silica. 
[0248] The short fibrous inorganic fine particles can be directly prepared by sol-gel method, or precipitation 
method, as a dispersion. Further, powder of short fibrous inorganic fine particles produced by a drying and sedimenta- 
tion method can be mechanically crushed to obtain a dispersion. Further, some short fibrous inorganic fine particles 
which are commercially available (e.g., silicon dioxide sol) may be used. 

[0249] As described in J P-A-1 1 -61 043, the short fibrous inorganic fine particles can be produced by a method com- 
prising the following steps: (1) ammonia is added to a mixed solution containing water, an organic solvent, and an alkox- 
ysilane, thereby conducting hydrolysis of the alkoxysilane to form silica fine particles having a grain size ranging from 5 
to 30 nm, (2) after the reaction, the unreacted alkoxysilane, the organic solvent, and the catalyst are removed from the 
resulted mixed solution, to form an aqueous dispersion solution of silica fine particles, (3) said aqueous dispersion solu- 
tion is adjusted so that the density of silica fine particles therein becomes 0.1 to 5% by weight in temns of a solid content, 
and the concentration of ammonia therein becomes 50 to 400 ppm, and (4) said aqueous dispersion solution is sub- 
jected to a hydrothermal treatment at the temperature of 250 °C or more. 

[0250] For a formation of the low- refractive-index layer, the short fibrous inorganic fine particles are preferably used 
in the state of dispersion in a suitable solvent. As a dispersion medium, used are those shown in the description of [Inor- 
ganic fine particles in low-refractive-index layer] of the above-described embodiment 1 . 

[0251] The amount of the short fibrous inorganic fine particles is generally from 50 to 95% by weight, preferably 
from 50 to 90% by weight, more preferably from 60 to 90% by weight, and especially preferably from 70 to 90% by 
weight, based on the low-refractive-index layer. If the amount is much less than the above-mentioned range, voids can 
not be formed. On the other hand, if the amount is much larger than the range, a sufficient mechanical strength cannot 
be obtained. 

[Micro voids among short fibrous inorganic fine particles of low- refractive-index layer) 

[0252] Fig. 9 is a sectional view schematically illustrating a low- refractive -index layer. The upside of the anti-reflec- 
tion film of Fig. 9 Is a surface, while an image display device or a lens is placed at the downside. The anti-reflection film 
may consist of only the low- refractive -index layer. 

[0253] As shown in Fig. 9, micro voids (113) are formed among short fibrous inorganic fine particles (1 1 1) in the 
low-refractive-index layer (1 01 ). The low-refractive-index layer (111) further contains a polymer (1 1 2) in an amount of 5 
to 50 % by weight. The polymer (1 12) combines the short fibrous inorganic fine particles (111), but the voids (1 13) 
among particles are not filled with the polymer. As shown in Fig. 9, the voids (113) among particles are preferably 
closed with both the polymers (112) and the short fibrous inorganic fine particles (111), and therefore they are not open 
pores. 

[0254] The void ratio of the low- refractive -index layer is 1 to 50% by volume, preferably 3 to 45% by volume, and 
more preferably 5 to 35% by volume. 

[0255] If the void ratio increases, the refractive index of the low- refractive -Index layer decreases. According to the 
present invention, the size of micro voids among particles also can be easily adjusted to a suitable value (so as to cause 
neither a light-scattering nor a problem in a mechanical strength of the low-refractive-Index layer), by properly adjusting 
the particle size of the short fibrous inorganic fine particles. By this method, a low-refractive-index layer can be rendered 
to a porous film having microscopically fine voids, but an optically or macroscopically uniform film. 
[0256] By a formation of micro voids, the macroscopic refractive index of the low-refractive-index layer becomes 
lower than the total of refractive indices of fine particles and a polymer each constituting the low-refractive-index layer. 
The refractive index of a layer is a total of refractive indices per volume of layer-constituting elements. The refractive 
index of the fine particles and the polymer is a value of more than 1 , respectively, while the refractive index of air is 1 .00. 
Therefore, a low-refractive-index layer having a very low refractive index can be obtained by a formation of micro voids. 
[0257] The micro voids among particles are preferably closed by inorganic fine particles and a polymer in a low- 
refractive-index layer. The thus-closed voids have an advantage in that stain materials on the low-refractive-index sur- 
face are scarcely adhered to others, as compared to opening pores (apertures) that have openings toward the surface 
of a low-refractive-index layer. 

[Polymer of low-refractive-Index layer] 

[0258] The low-refractive-index layer contains a polymer in an amount of 5 to 50% by weight. The polymer has func- 
tions not only to combine (glue) short fibrous inorganic fine particles, but also to maintain the structure of the low-refrac- 
tive-index layer that contains micro voids among the particles. The amount of a polymer to be used is adjusted so as to 
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keep the mechanical strength of the low-refractive-index layer without filling the voids with the polymer. The amount of 
a polymer is preferably 1 0 to 50% by weight, more preferably 10 to 40% by weight, and especially preferably 1 0 to 30% 
by weight, based on a total amount of the low- refractive-index layer. 

[0259] In order to combine short fibrous inorganic fine particles with a polymer, it is preferable (1) to bond the pol- 
ymer to a surface-treating agent for the short fibrous inorganic fine particles, or (2) to use the polymer as a binder for 
the short fibrous inorganic fine particles. 

[0260] The polymer bonded to a surface-treating agent according to (1 ) is preferably the binder polymer according 
to (2). The polymer for use in (2) is preferably formed by adding monomers to a coating solution for the low-refractive- 
index layer, and then polymerizing them simultaneously with or after coating the low-refractive-index layer. Preferably 
(1) and (2) are carried out in combination. 

(1) A surface treatment and (2) a binder are explained in this order. 

(1 ) The description about surface treatment is the same as in the item [Polymer in low-refractive-index layer] in 

Embodiment 1 . 

(2) The description about a binder is the same as in the item [Polymer in low- refractive -index layer] in Embod- 
iment 1 . 

[Low-refractive-index layer] 

[0261] The low-refractive-index layer is a layer that contains the above-described short fibrous inorganic fine parti- 
cles and polymers, and also it has macro voids among these particles. The use of the short fibrous inorganic fine par- 
ticles makes it difficult that a surface defect (pointing defects) occurs, as compared to a low- refractive-index layer having 
micro voids been formed by using, for example, spherical or amorphous inorganic fine particles. Occurrence of the 
pointing defects is affected by surface characteristics (unevenness, etc.) of a substrate, which carries the low-refractive- 
index layer thereon, and consequently they are apt to occur when such substrate carries on the surface thereof a fine 
particle-containing layer (for example, when fine particles are contained in a hard coat layer, a middle-refractive-index 
layer, or a high -refractive-index layer). The short fibrous Inorganic fine particles not only effect to restrain occurrence of 
pointing defects in a low- refractive-index layer having micro voids among particles, but also forms a film having a very 
high mechanical strength. 

[0262] The low-refractive-index layer has a refractive index preferably in the range of 1 .30 to 1 .55, and more pref- 
erably 1.35 to 1.50. 

[0263] The low- refractive-index layer has a thickness of preferably in the range of 30 nm to 200 nm, more preferably 
in the range of 50 nm to 150 nm, and most preferably in the range of 60 nm to 120 nm. 

[0264] The haze of the low-refractive-index layer is preferably 5% or less, more preferably 3% or less, and most 
preferably 1% or less. 

[0265] The mechanical strength of the low- refractive -index layer is preferably H or more, more preferably 2H or 
more, and most preferably 3H or more, in the pencil hardness test according to J IS K 5400. Hwerein, the mechanical 
strength of each of the hardcoat layer, the high-refractive-index layer, and the medium-refractive-index layer has the 
same preferable range as described in the above. 

[Transparent support] 

[0266] The description about the transparent support is the same as in the item [Transparent support] in Embodi- 
ment 1 . 

[Hard coat layer] 

[0267] The description about the hard coat layer is the same as in the item [Hard coat layer] in Embodiment 1 . 
[Inorganic particles in High- and middle-refractive-index layers] 

[0268] The refractive index of inorganic fine particles for use in the both high- and middle-refractive-index layers is 
preferably in the range of 1 .80 to 2.80, and more preferably in the range of 1 .90 to 2.80. 

[0269] The weighted mean particle size of the primary particles of the inorganic fine particles is preferably 1 to 150 
nm, more preferably in the range of 1 to 100 nm, and most preferably in the range of 1 to 80 nm. 

[0270] The weighted mean particle size of the inorganic fine particles incorporated in the both high- and middle- 
refractive-index layers, which are produced, is generally in the range of 1 to 200 nm, preferably in the range of 5 to 150 
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nm, more preferably in the range of 1 0 to 100 nm, and most preferably in the range of 1 0 to 80 nm. 

[0271] The mean particle size of the inorganic fine particles can be measured by a light-scattering method, or an 

electron microscopic photography. 

[0272] The specific surface area of the inorganic fine particles is preferably in the range of 10 to 400 m^/g, more 
preferably in the range of 20 to 200 m^/g, and most preferably in the range of 30 to 150 m^/g. 

[0273] The Inorganic fine particles are preferably made of metal oxides or sulfides. Examples of the metal oxides 

or sulfides include titanium dioxide (e.g., rutile, mixed crystals of rutile/anatase, anatase, amorphous structure), tin 
oxide, indium oxide, zinc oxide, zirconium oxide, and zinc sulfide. Titanium dioxide, tin oxide, and indium oxide are par- 
ticularly preferred. The inorganic fine particles contain these metal oxides or sulfides as a main component, and further 
they may contain other elements. The term "main component" means a component having the largest content (% by 
weight) among those particle-composing elements. Examples of the other elements include Ti, Zr, Sn, Sb, Cu, Fe, Mn, 
Pb, Cd, As, Cr, Hg, Zn, Al, Mg, Si, R and S. 

[0274] The inorganic fine particles may be subjected to a surface treatment. The surface treatment can be carried 
out using inorganic compounds or organic compounds. Examples of the inorganic compounds for use in the surface 
treatment include alumina, silica, zirconium oxide, and iron oxide. Alumina and silica are preferred. Examples of the 
organic compounds for use in the surface treatment include polyol, alkanol amine, stearic acid, a silane coupling agent, 
and a titanate coupling agent. The silane coupling agent is most preferred. Two or more kinds of surface treatments may 
be carried out in combination. 

[0275] The shape of inorganic fine particles is preferably rice grain-shaped, spherical, cubic, spindle-shaped, or 
amorphous. 

[0276] Two or more kinds of inorganic fine particles may be used in both high- and middle- refractive-index layers, 
respectively. 

[0277] The ratio of inorganic fine particles in the both high- and middle-refractive-index layers is generally in the 
range of 5 to 65% by volume, preferably in the range of 1 0 to 60% by volume, and more preferably in the range of 20 to 
55% by volume. 

[0278] The inorganic fine particles can be used in the state of dispersion when the high- or middle-refractive-index 
layer is formed. As a dispersion medium for inorganic fine particles in the high- refractive-index layer or the middle- 
refractive-index layer, a liquid having boiling point of 60 to 1 70 °C is preferably used. Examples of the dispersion 
medium is similar to the description of [Inorganic fine particles in high -refractive-index layer and middle-refractive-index 
layer] of the above-described embodiment 1 . 

[0279] The inorganic fine particles can be dispersed in a medium by means of a dispersing machine. Examples of 
the dispersing machine is similar to the description of [Inorganic fine particles in high -refractive-index layer and middle- 
refractive-index layer] of the above-described embodiment 1. 

[Polymers in both high- and middle-refractive-index layers] 

[0280] The description about the polymer in the high -refractive-index layer and the middle-refractive-index layer is 
the same as in the item [Polymer composed of organic compound in high-refractive-index layer and middle-refractive- 
index layer] in the above-described Embodiment 1 . 

[Structure of both high- and middle-refractive-index layers] 

[0281] Fig. 1 0 is a sectional view schematically illustrating a preferable high -refractive-index layer (104) (or middle- 
refractive-index layer). A low-refractive-index layer is superposed on (upper side of) the high-refractive-index layer (1 04) 
of Fig. 10, while an image display device or lens is placed under the high-refractive-index layer. 

[0282] As shown In Fig. 1 0, the high-refractive-index layer (1 04) is a layer in which there is no void, and a space 
among the inorganic fine particles (141) is fully packed with the polymer (142). In the high-refractive-index layer (104), 
inorganic fine particles (141) having a mean grain size of 1 to 200 nm are piled (three particles in Fig. 10). Further, a 
space among the inorganic fine particles (141) is packed with the crosslinked polymer (141) having an anionic group. 
[0283] The refractive index of the high-refractive-index layer is preferably in the range of 1 .55 to 2.40, and more 
preferably in the range of 1 .70 to 2.20. 

[0284] The refractive index of the middle-refractive-index layer is preferably in the range of 1 .55 to 1 .85, and more 
preferably in the range of 1 .65 to 1 .75. 

[0285] The refractive indices of both high- and middle-refractive-index layers can be adjusted to the above-men- 
tioned ranges, respectively, by changing the volume ratio of the inorganic fine particles and the polymer having an ani- 
onic group. 

[0286] The refractive index can be measured by means of a Abbe refracto meter, or by the shape of a spectral 
reflectance curve obtained by measuring a spectral reflectance of light from the surface of a layer. 
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[0287] The thickness of both high- and middle-refractive-index layers is preferably in the range of 5 nm to 200 nm, 

nnore preferably in the range of 1 0 nnn to 1 50 nm, and most preferably in the range of 30 nm to 1 00 nm. 
[0288] The haze of both high- and middle- refractive-index layers is preferably 5% or less, more preferably 3% or 
less, and most preferably 1% or less. 
5 [0289] The mechanical strength of both high- and middle-refractive-index layers is preferably H or more, more pref- 
erably 2H or more, and most preferably 3H or more, in terms of the pencil hardness per Kg of load. 

[Overcoat layer] 

10 [0290] Fig. 11 is a sectional view schematically illustrating a low-refractive-index layer (101) and an over coat layer 
(106) according to a preferable embodiment of the present invention. In the low-refractive-index layer (101), short 
fibrous inorganic fine particles (111) according to the present invention and a polymer (112) are incorporated, and con- 
sequently voids (1 13) are formed among the particles. 

[0291 ] An over coat layer (1 06) shown in Fig. 1 1 (a) contains fine particles of a fluorine-containing compound (161). 

15 An opening of the voids (113) in the low-refractive-index layer (101) is sealed with the tine particles of a fluorine-con- 
taining compound (1 61), so that the voids (1 13) in the low- refractive-index layer (1 01) are maintained even after forming 
the over coat layer (106). 

[0292] In an over coat layer (106) shown in Fig. 11(b), the coating amount of materials of the over coat layer is 
adjusted to the degree that the voids in the low-refractive-index layer (101) are not completely sealed with the materials. 

20 Therefore, even after forming the over coat layer (106), the voids (113) in the low-refractive-index layer (101) are main- 
tained. In Fig. 1 1 (b), the material of the over coat layer (1 06a) occupies a part of the voids (1 13). 
[0293] Fig. 11(c) is a sectional view schematically illustrating a low-refractive-index layer (101) and an over coat 
layer (106) according to an preferable embodiment of the present invention. The overcoat layer (106) is made of a flu- 
orine-containing polymer having a weight-average molecular weight of 20,000 or more, and the over coat layer covers 

25 an unevenness of the surface of the low-refractive-index layer, but does not enter into the voids (1 1 3) in the interior of 
the low-refractive-index layer (101). Accordingly, even after formation of the over coat layer, voids (113) in the low- 
refractive index layer are maintained. Further, in the case of this embodiment, voids are maintained even if the over coat 
layer (106) is coated with an amount larger than the volume of the voids (111) in the low- refractive-index layer (101). 
Therefore, in the embodiment shown in Fig. 1 1 (c), the over coat layer (1 06) covers, as a continuous layer, the surface 

30 of the low-refractive-index layer (1 01 ). 

[0294] The over coat layer is the same as in to the description of [Over coat layer] of the above embodiment 1 , 
except for the following point. 

[0295] In the case that the fluorine-containing compound is used as the fine particles, the particle size of the fine 
particles is preferably in the range of 5 to 60 nm, more preferably in the range of 20 to 60 nm, and most preferably in 
35 the range of 25 to 40 nm. 

[0296] Especially, in this embodiment, the thickness of the overcoat layer is preferably 3 to 50 nm, more preferably 
5 to 35 nm, and particularly preferably 7 to 25 nm. 

[Anti-reflection film] 

40 

[0297] The description about the anti-reflection film in Embodiment 1 for the item [Anti -reflection film] is applied to 
Embodiment 2. 

[0298] Although the details and preferable ranges of each component of the Embodiment 2 are described above, 
for example, by refen'ing to the descriptions mentioned for the Embodiment 1 , additional descriptions of the preferable 
45 mode in the Embodiment 2 are given below. 

[Anti-reflection film] 

[0299] To further improve physical strength (such as abrasion resistance) of the anti-reflection film, the dynamic 
50 friction coefficient of the surface of the side having the low-refraction-index layer Is preferably 0.25 or less. Herein, the 
dynamic friction coefficient means a dynamic friction coefficient between a stainless steel ball having a diameter of 5 
mm and the surface of the low- refractive-index layer side; when the stainless steel ball is moved on the surface of the 
low-refractive-index layer side, with a load of 100 g onto the stainless steel ball, at a rate of 60 cm/min. The dynamic 
friction coefficient Is more preferably 0.17 or less, and particularly preferably 0.15 or less. In addition, the film strength 
55 of the anti- reflection film is preferably H or more, more preferably 2H or more, and particularly preferably 3H or more, in 
the pencil hardness test according to J IS K 5400. 

[0300] Further, to improve the stainproofing property of the anti-reflection film, the contact angle of the surface of 
the side having the low-refractive-index layer with water is preferably 90 degrees or more, more preferably 95 degrees 
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or more, and particularly preferably 100 degrees or more. 

[0301] Both the values of the dynamic friction coefficient and the contact angle with water are preferably kept even 
after application of the anti-reflection film of the present invention to a polarizing plate. 

[Image display device] 

[0302] The a nti- reflection film according to the Embodiment 2 can be utilized in an image display device in the same 
manner as the a nti -reflection film according to the Embodiment 1 . Examples of the image display device include those 
shown in Fig. 6(a)-(d). 

Third embodiment of the invention (Embodiment 3) 

[0303] Referring to the drawings, the following will describe basic structures of polarizing plates having optical com- 
pensation capacity and anti -reflect! on ability of the present invention, and basic structures of image display devices, of 
a liquid-crystal-display type and a color-liquid-crystal-display type, having the polarizing plate. 

[0304] Fig. 1 3 is an example of a schematic cross sectional view showing the layer construction of the optical com- 
pensative layer. The optical compensative layer has a layer construction of a transparent support 221, an alignment 
layer 222, and an optical anisotropic layer 223, in the written order. The optical anisotropic layer contains liquid crystall 
discotic compounds 224a, 224b and 224c, and their light axes have inclined angles of ea, eb, and ec with the direction 
of a normal line 225 of the transparent support. These inclined angles are increased from the transparent support side 
of the optical anisotropic layer toward the surface side thereof. 

[0305] Fig. 14 shows optical characteristics of the optical compensative layer. The alignment layer is subjected to 

a treatment, such as rubbing, for alignment of the liquid crystalline discotic compound. The notation 231 shows a rub- 
bing direction of the alignment layer. The notations n1 , n2 and n3 stand for refractive indices of three orthogonal axes 
of the optical compensative layer. Viewing from the front, the axes satisfy a relation of n1 ^ n3 ^ n2. Herein, the phrase 
"viewing from the front" means viewing a projection of Fig. 14 to a plane that is perpendicular to the normal line. 
[0306] The optical compensative layer has a minimum value in the absolute value other than zero of retardation, in 
the direction inclined from a normal line direction of the transparent support. In the drawing, the notation 232 stands for 
an angle of the direction showing the minimum value in the absolute value of retardation with the normal line direction 
225 of the transparent support. In order to improve viewing angle characteristics of TN-LCD, the angle 232 is preferably 
5-50°, and especially preferably 1 0-40°. 

[0307] The optical compensative layer satisfies the following equation: 

20 ^ {(nx+ny)/2-nz} x d ^ 400 

wherein nx, ny, and nz stand for main refractive indices of three orthogonal axes of the transparent support, nz stands 
for a main refractive index in the direction of thickness of the transparent support, and d stands for a thickness of an 
optical compensative layer (unit: nm). 

[0308] Preferably the optical compensative layer also satisfies the following equation: 

50 ^ {(nx+ny)/2-nz} x d ^ 400 
and particularly preferably the optical compensative layer further satisfies the following equation: 

100 ^ {(nx-i-ny)/2-nz} x d ^ 400. 

[0309] As a transparent support used in an optical compensation film, a plastic film is preferably used. Examples of 
the material of the plastic film include cellulose esters (for example, triacetylcellulose, diacetylcellulose, propionylcellu- 
lose, butyrylcellulose, acetylpropionylcellulose, and nitrocellulose), polyamides, polycarbonates, polyesters (for exam- 
ple, polyethylene terephthalate, polyethylene naphthalate, poly-1 ,4-cyclohexanedimethylene terephthalate, 
polyethylene-1 ,2-diphenoxyethane-4,4'-dicarboxylate, and polybutylene telephthalate), polystyrenes (for example, syn- 
diotactic polystyrene), polyolefins (for example, polypropylene, polyethylene, and polymethylpentene), polysulfones, 
polyethersulfones, polyarylate, polyetherimides, polymethylmethacrylates, and polyetherketones; and ZEONEX (trade 
name, made by Nippon Zeon Co., Ltd.) and ARTON (trade name, made by JSR Co., Ltd.) as a commercial Item. 
[0310] The light transmittance of the transparent support is preferably 80% or more, and more preferably 86% or 
more. The transparent support preferably has optical isotropy when seen from its front. The haze of the transparent 
support is preferably 2.0% or less, and more preferably 1 .0% or less. The refractive index of the transparent support is 
preferably 1.4-1.7. 
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[0311] From these viewpoints, preferable are triacetylcellulose, polycarbonate, and polyetliylene terephthalate; 
ZEONEX and ARTON. For a protecting filnn for protecting a polarizing layer of the polarizing plate for an LCD, triacetyl- 
cellulose is especially preferable. 

[0312] If a nnain refractive index inside the transparent support surface is nx and ny, while a main refractive index in 
the direction of thickness is nz, and the thickness is d, the relation of the main refractive indices is to satisfy 
nz < ny = nx (negative unlaxiality), and a retardation represented by {(nx+ny)/2-nz} x d is to be 20-400 nm. A retar- 
dation of the transparent support is more preferably 30-150 nm. It is not necessary that nx and ny are strictly equal, 
and no problem to apply in practice arises if Inx-nyl/lnx-nzl ^ 0.2 . A front retardation represented by Inx-nyl x d is 
preferably 50 nm or less, and further preferably 20 nm or less. 

[031 3] An undercoat layer may be laminated on the transparent support in order to give the support adhesion prop- 
erties to an adjacent layer. The raw material of such an undercoat layer is not especially limited, but may be, for exam- 
ple, gelatin, a poly(meth)acrylate resin, a substitution product thereof, or a styrene/butadiene resin, in case of the layer 
is formed on triacetylcellulose. Surface treatments, such as chemical treatment, mechanical treatment, corona treat- 
ment, or glow discharge treatment, may be performed. 

[0314] The alignment layer functions to determine the alignment direction of a liquid crystalline discotic compound 
provided thereon. This alignment (orientation) gives a light axis inclined from the normal line direction of the transparent 
support. No limitation exists if the alignment layer is able to impart alignment to an optical anisotropic layer. Preferable 
examples of the alignment layer include, a layer formed by an organic compound and then subjected to rubbing treat- 
ment on its surface, an oblique vapor-deposition layer of an inorganic compound, a microgroove layer formed by pat- 
terning by a resist or the like, a Langmuir-Blodgett membrane of (o-tricosanoic acid, dioctadecyl-methylammonium 
chloride and methyl stearate, and a dielectric layer aligned by electric field or magnetic field. 
[0315] A layer subjected to a rubbing treatment is preferable, as it is simple and cheap in production. 
[0316] Illustrative of organic compounds for the alignment layer are polymers, such as polymethyl methacrylate, 
acrylic acid/methacrylic acid copolymer, styrene/maleimide copolymer, polyvinyl alcohol, poly(N-methylolacrylamide), 
styrene/vinyltoluene copolymer, chlorosulfonated polyethylene, nitrocellulose, polyvinyl chloride, chlorinated polyole- 
fins, polyesters, polyimides, vinyl acetate/vinyl chloride copolymer, ethylene/vinyl acetate copolymer, carboxymethylcel- 
lulose, polyethylene, polypropylene, and polycarbonate; and silane-coupling agents. Among these, polyimides, 
polystyrene, polyvinyl alcohol and alkyl-modified polyvinyl alcohol having an alkyi group (preferably, the group has at 
least 6 carbon atoms) are preferable. Alkyl(preferably having at least 6 carbon atoms)-containing alkyl-modified polyvi- 
nyl alcohol is especially preferable. As polyimide, mentioned are polyamic acid (for example, LQ/LX series (trade name, 
manufactured by Hitachi Chemical Co., Ltd.) and SE series (trade name, manufactured by Nissan Chemical Industries, 
ltd.), etc.) coated and baked at 100-300 °C for 0.5-1 hour. As the alkyl-modified polyvinyl alcohol, MP103, MP203, and 
R1 130 (trade names, each manufactured by Kuraray Co.) can be mentioned. 

[0317] The alignment layer is preferably cured to prevent disordered alignment of the liquid crystal discotic com- 
pound by the solvent from causing, when the discotic compound is provided thereon. As the method to cure the align- 
ment layer, preferably employed is a method that uses an ethylenically unsaturated group, isocyanate group, epoxy 
group, aziridine group, oxazoline group, aldehyde group, carbonyl group, hydrazine group, carboxyl group, hydroxyl 
group, methylol group, active-methylene group, and the like; and in the method, these crosslinkable functional group are 
cured by heat or irradiation of ionizing radiation. 

[0318] A treatment widely adopted for a liquid crystal alignment treatment step of LCD, can be utilized as the above 
rubbing treatment. More precisely, a method wherein the surface of an alignment layer is rubbed with gauze, felt, rub- 
ber, nylon- or polyester-fibers, or the like, in a given direction can be utilized, to attain alignment. In general, a rubbing 
treatment is carried out several times with a cloth evenly embedded with fibers having uniform length and diameter. 
[0319] Further, the optical anisotropic layer may be aligned without using an alignment layer. For this, a method can 
be mentioned wherein a liquid crystalline discotic compound layer fomning the optical anisotropic layer is aligned by 
subjecting it to the influence of electric field, magnetic field, polarizing radiation or oblique non-polarizing radiation, etc. 
[0320] An optical anisotropic layer is a layer having negative birefringence, and comprised of a compound contain- 
ing discotic structure units. The optical anisotropic layer is a layer of a liquid crystalline discotic compound or a polymer 
layer obtained by curing of a polymerizable discotic compound. Illustrative of the discotic compound for the present 
invention can include benzene derivatives disclosed in a study report of C. Destrade et aL, Mol. Cryst., 71, page 111 
(1981); truxene derivatives disclosed in Mol. Cryst, 122, page 141 (1985), and Phyics. Lett., A, 78, page 82 (1990); 
cyclohexane derivatives disclosed in a study report of B. Kohne etal., Angew. Chem. Soc, 96, page 70 (1984); mac- 
rocycles of azacrown series and phenylacetylene series disclosed in a study report of J. M. Lehn etal., J. Chem. Com- 
mun. page 1794 (1985), and a study report of J. Zhang etal., J. Am. Chem. Soc. 116, page 2655 (1994). The aforesaid 
discotic (disc-like) compound generally is crystalline and has a structure wherein these compounds are existent in the 
center of the molecule as mother nucleus and a linear alkyI or alkoxyl groups and substituted benzoyloxy group, etc. are 
substituted radially as side chains. In general, compounds called discotic liquid crystals are included in this compound. 
However, the discotic compound for the present invention is not limited to the above description if the compound perse 
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has a negative uniaxial property and is capable of imparting a definite alignment. Further, in the present invention, the 
phrase "formed from the discotic compound" referred to herein means that the final product is not necessarily the dis- 
cotic compound and, for example, those obtained from a low molecular discotic liquid crystal, which has a functional 
group capable of crosslinking by heat or irradiation of ionizing radiation and is converted into a higher molecular com- 
pound to lose liquid crystalline property by heat or irradiation of ionizing radiation, is also included. 
[0321] Preferable examples of the discotic compound Include the following: 
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(m is an integer of 7 to 10) , 
(7) 

O 



(m is an integer of 4 to 10) 
(8) 

O 

CH,=CHJ:'-o-cvi2ir-o— // \N 

(m is an integer of 4 to 10) 
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[0322] The optical anisotropic layer is obtained by applying a coating liquid dissolving the discotic compound and 
other compounds onto an alignment layer, drying the coated alignment layer, heating the layer up to a discotic nematic 
phase-forming temperature, and cooling the coated layer while holding the alignment state. Or alternatively, the align- 
ment layer is heated up to a discotic nematic phase-forming temperature and thereafter polymerized and fixed by irra- 
diation of ionizing radiation. A temperature for the discotic nematic liquid phase-solid phase transition is preferably 
50"-300 °C, and especially preferably 70-^1 70 °C. 

[0323] The optical anisotropic layer may be incorporated with any of the compounds such as a plasticizer, a sur- 
factant, a polymerizable monomer, a high molecular compound, etc. for controlling the inclined angle of the liquid crys- 
talline discotic compound, a discotic nematic phase-forming temperature, compatibility, coating property, etc. so far as 
the alignment of the discotic compound is not disturbed. 

[0324] A polymerizable monomer preferably has a vinyl group, a vinyloxy group, an acryloyi group, and a methacry- 
loyl group. The polymerizable monomer can be used in an amount of generally 1-50% by weight, preferably generally 
5-30% by weight, based on the discotic compound. 

[0325] Any of the high molecular compounds can be used so far as they possess compatibility with the discotic 
compound. The high molecular compound is preferably cellulose esters. Above all, cellulose acetate butyrate Is espe- 
cially preferable. The high molecular compound can be used in an amount of generally 0.1-10% by weight, preferably 
0.1-5% by weight, based on the discotic compound. Further, a butyrating degree of the cellulose acetate butyrate is 
preferably 30-80%, while an acetylating degree thereof is preferably 30-80%. 

[0326] Fig. 15(a) is a sectional schematic view, which shows an example of a layer structure of an anti-reflection 
film. The a nti- reflection film has a layer structure wherein a transparent support 241 , a hard coat layer 242, and a low- 
refractive-index layer 245 are arranged in this order. The refractive index and the thickness of the low-refractive-index 
layer preferably satisfy the following equation: 

mX/4 X 0.7 < n1 d1 < mA,/4 x 1 .3 

wherein m is a positive odd number (is generally 1), n1 is the refractive index of the low- refractive -index layer, 
and d1 is the thickness (nm) of the low-refractive-index layer. 

[0327] Fig. 15(b) is a sectional schematic view, which shows an example of a layer structure of an anti-reflection 
film. The anti -reflection film has a structure wherein a transparent support 241 , a hard coat layer 242, a high -refractive- 
index layer 244, and a low-refractive-index layer 245 are arranged in this order. 

[0328] In the anti-reflection film having the high- refractive-index layer 244 and the low- refractive -index layer 245, as 
shown in Fig. 15(b), the high-refractive-index layer and the low-refractive-index layer preferably satisfy the following 
equation (I) and the following equation (II), respectively, as described in JP-A-59-50401. 

m;L/4 X 0.7 < n1 d1 < mX/4 x 1 .3 (I) 

wherein m is a positive integer (is generally 1 , 2 or 3), n1 is the refractive index of the high-refractive-index layer, 
and d1 is the thickness (nm) of the high-refractive-index layer. 

nA,/4 X 0.7 < n2d2 < nX,/4 x 1 .3 (II) 

wherein n is a positive odd number (is generally 1 ), n2 is the refractive index of the low-refractive-index layer, and 
d2 is the thickness (nm) of the low-refractive-index layer. 

[0329] Fig. 15(c) is a sectional schematic view, which shows an example of a layer structure of an anti-reflection 
film. The anti-reflection film has a structure wherein a transparent support 241 , a hard coat layer 242, a middle-refrac- 
tive-index layer 243, a high- refractive-index layer 244, and a low- refractive -Index layer 245 are arranged in this order. 
[0330] In the anti- reflection film having a middle-refractive-index layer 243, the high-refractive-index layer 244, and 
the low-refractive-index layer 245, as shown in Fig. 15(c), the middle-refractive-index layer, the high-refractive-index 
layer, and the low-refractive-index layer preferably satisfy the following equation (III), equation (IV), and equation (V), 
respectively, as described in JP-A-59-50401 . 

hA,/4 X 0.7 < n3d3 < hX,/4 x 1 .3 (III) 

wherein h is a positive integer (Is generally 1, 2 or 3), n3 is the refractive index of the middle-refractive-index 
layer, and d3 is the thickness (nm) of the middle-refractive-index layer. 

\X/4 X 0.7 < n4d4 < \X/4 x 1.3 (IV) 
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wherein j is a positive integer (is generally 1 , 2 or 3), n4 is the refractive index of the high-refractive-index layer, 
and d4 is the thickness (nnn) of the high-refractive-index layer. 

kA./4 X 0.7 < n5d5 < kA,/4 x 1 .3 (V) 

wherein k is a positive odd number (is generally 1), n5 is the refractive index of the low- refractive-index layer, and 
d5 is the thickness (nm) of the low-refractive-index layer. 

[0331] Fig. 15(d) is a sectional schematic view, which shows an example of a layer structure of an a nti- reflection 
film. The anti-reflection film has a structure wherein a transparent support 241 , a hard coat layer 242, a middle-refrac- 
tive-index layer 243, a high -refractive-index layer 244, a low-refractive-index layer 245, and an overcoat layer 246 are 

arranged in this order. 

[0332] The refractive index and thickness of the high-refractive-index layer, the middle-refractive-index layer or the 
low-refractive-index layer are the same as shown in Fig. 15(c). 

[0333] The over coat layer preferably has effects of giving stainproofing property based on water repellency and oil 
repellency, and of improving scratch-resistance based on slipping ability. Its optical properties and refractive index are 
not limited, but its thickness is preferably 20 nm or less. 

[0334] It is preferable to use a plastic film as a transparent support in the anti- reflecting film. Illustrative of materials 
forthe plastic film are cellulose esters (for example, triacetyl cellulose, diacetyl cellulose, propionyl cellulose, butyryl cel- 
lulose, acetyl propionyl cellulose, and nitrocellulose), a polyamide, a polycarbonate, a polyester (for example, polyeth- 
ylene terephthalate, polyethylene naphthalate, poly-1 ,4-cyclohexanedimethylene terephthalate, polyethylene 1,2- 
diphenoxyethane-4,4'-dicarboxylate or polybutylene terephthalate), a polystyrene (for example, syndiotactic polysty- 
rene), a polyolefin (for example, polypropylene, polyethylene or polymethylpentene), a polysulfone, a polyethersulfone, 
a polyallylate, a polyether imide, polymethyl methacrylate, and a polyether ketone. Also included are Zeonex (trade 
name, manufactured by Nippon Zeon Co.) and ARTON (trade name, manufactured by JSR KK) as commercial available 
products. 

[0335] The transparent support preferably has a light transmittance of 80% or more, more preferably 86% or more. 
The transparent support preferably has optical isotropy when seen from its front. Haze of the transparent support is 
preferably 2.0% or less, more preferably 1 .0% or less. A refractive index of the transparent support is preferably 1 .40 to 
1.70. 

[0336] Viewing from these points, preferable are triacetyl cellulose, polycarbonate, polyethylene terephthalate, 
Zeonex and ARTON. As a protective membrane for protecting polarizing layers of polarizing plates for use in LCD, 
triacetyl cellulose is especially preferable. 

[0337] A sub-layer (undercoat layer) may be provided on the transparent support for imparting tight adherence to 
adjacent layers. No particular limitation exists in materials for forming such sub-layer. On triacetyl cellulose, for example, 
gelatin, poly(meth)acrylate resins or a substitute thereof, styrene/butadiene resin, etc. can be used. In addition, a sur- 
face treatment such as a chemical treatment, a mechanical treatment, corona treatment, glow discharge treatment, etc. 
may be carried out. 

[0338] It is preferable to use a polymer having a saturated hydrocarbon or polyether, as a main chain thereof, as a 
compound for use in the hard coat layer. More preferable is a polymer having a saturated hydrocarbon as a main chain. 
The polymeric binder is preferably crosslinked. The polymer having a saturated hydrocarbon as a main chain thereof is 
preferably obtained by polymerization reaction of an ethylenically unsaturated monomer. For obtaining a crosslinked 
polymeric binder, it is preferable to use a monomer having at least two ethylenically unsaturated groups. 
[0339] Illustrative of the monomer having at least two ethylenically unsaturated groups include an ester of a poly- 
hydric alcohol and (meth)acrylic acid (for example, ethyleneglycol di(meth)acrylate, 1 ,4-cyclohexanediol diacrylate, 
pentaerithritol tetra(meth)acrylate, pentaerithritol tri(meth)acrylate, trimethylolpropane trl(meth)acrylate, trimethylo- 
lethane tri(meth) aery late, dipentaerithritol tetra(meth)acrylate, dipentaerithritol penta(meth)acrylate, pentaerithritol 
hexa(meth)acrylate, 1 ,3,5-cyclohexanetriol triacrylate, polyurethane polyacrylate, and polyester polyacrylate), vinyl- 
benzenes and derivative thereof (for example, 1 ,4-divinylbenzene, 4-vinylbenzoic acid-2-acryloylethyl ester, and 1 ,4- 
divinylcyclohexanone), a vinylsulfone (for example, divinylsulfone), and an acrylamide (for example, methylene-bis-acr- 
ylamide), and a methacrylamide. 

[0340] A polymer containing a polyether as a main chain thereof is preferably synthesized by ring-opening polym- 
erization of a polyfunctional epoxy compound. 

[0341] These monomers having ethylenically usaturated groups have to be cured by polymerization due to ionizing 

radiation or heat after application onto the film. 

[0342] In place of or in addition to the monomer having at least two ethylenically unsaturated groups, a crosslinked 
structure may be introduced into the polymeric binder by the reaction of a crosslinking group. Examples of the crosslink- 

ing functional group include isocyanate group, epoxy group, aziridine group, oxazoline group, aldehyde group, carbonyl 
group, hydrazine group, carboxyl group, methylol group, and active methylene group. Vinylsulfonic acid, an acid anhy- 
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dride, a cyanoacrylic derivative, melamine, etherified methylol, an ester, a urethane, and a metal alkoxide such as 
tetramethoxysilane can also be utilized as a monomer for introducing a crosslinking structure. A functional group exhib- 
iting Crosslin king property as a result of a decomposition reaction such as a blocked isocyanate group may also be 
used. Further, the term "crosslinking group" referred to herein means a group exhibiting reactivity as a result of a 
decomposition of the functional group mentioned above, and is not limited to the aforesaid compounds. 
[0343] Compounds having such crosslinking groups have to be crosslinked by heat or the like after applied onto a 
film. 

[0344] Further, the hard coat layer may be incorporated with inorganic fine particles with a purpose of adjusting the 
refractive index and enhancing hardness of the membrane. Inorganic fine particles have preferably an average particle 
size of 0.5 |Lim or less, and especially preferably not more than 0.2 lum or less. 

[0345] Preferable inorganic fine particles are silicon dioxide particles, titanium dioxide particles, aluminum oxide, 
particles, tin oxide particles, calcium carbonate particles, barium sulfate particles, talc, kaolin, and calcium sulfate par- 
ticles. Especially preferable are silicon dioxide particles, titanium dioxide particles, and aluminum oxide particles. 
[0346] An amount of the inorganic fine particles incorporated is preferably 1 0-90% by weight of the total amount of 
the hard coat layer, more preferably 20-80% by weight, and especially preferable is 30-60% by weight. 
[0347] The thickness of the hard coat layer is preferably 1-15 |Lim. 

[0348] As shown in Fig. 15(b), a high-refractive-index layer may be disposed between a low-refractive-index layer 
and a transparent support. As shown in Fig. 15(c), a middle- refractive -index layer may be disposed between a high- 
refractive-index layer and a transparent support. 

[0349] The refractive index of the high -refractive-index layer is preferably 1 .65-2.40, and more preferably 1 .70-2.20. 
The refractive index of the middle-refractive-index layer is adjusted to a value between the refractive index of the low- 
refractive-index layer and that of the high -refractive-index layer. The refractive index of the middle-refractive-index layer 
is preferably 1 .55-1 .80. The haze of the high-refractive-index layer and the middle-refractive-index layer is preferably 3% 
or less. 

[0350] The middle- refractive-index layer and the high -refractive-index layer are preferably formed using polymers 
having a high refractive index. Examples of the polymers having a high refractive index include polystyrene, styrene 
copolymers, polycarbonate, melamine resins, phenol resins, epoxy resins, and polyurethanes obtained by reaction of a 
cyclic (aliphatic or aromatic) isocyanate and a polyol. Polymers having other cyclic (aromatic, heterocyclic or aliphatic) 
groups, and polymers having a halogen atom other than fluorine as asubstituent, also have a high refractive index. The 
polymer may be produced by polymerization reaction of a monomer, which can be radical-hardened by introduction of 
a double-bond. 

[0351] Inorganic fine particles having a high refractive index may be dispersed in the above-mentioned monomer 

and initiator, in silicon compounds substituted with an organic compound, or in the above-mentioned polymer. Preferred 
examples of the inorganic fine particles include oxides of a metal (for example, aluminum, titanium, zirconium, or anti- 
mony). In the case that the monomer and the initiator are used, the middle-refractive-index layer or high-refractive-index 
layer having excellent injury resistance and adhesive ability can be made, by hardening the monomer by polymerization 
reaction through ionizing radiation or heat, after the application of them. The average particle size of the inorganic fine 
particles is preferably 10-100 nm. 

[0352] The high-refractive-index layer or middle-refractive-index layer may be made from an organic metal com- 
pound having a film-forming ability. Preferably, the organic metal compound is a compound that can be dispersed in an 
appropriate medium, or is in a liquid form. Examples of the organic metal compound include metal alcolates (for exam- 
ple, titanium tetraeth oxide, titanium tetra-l-propoxide, titanium tetra-n-propoxide, titanium tetra-n-butoxide, titanium 
tetra-sec-butoxide, titanium tetra-tert-butoxide, aluminum triethoxide, aluminum tri-l-propoxide, aluminum tributoxide, 
antimony triethoxide, antimony tnibutoxide, zirconium tetraethoxide, zirconium tetra-l-propoxide, zirconium tetra-n-pro- 
poxide, zirconium tetra-n-butoxide, zirconium tetra-sec-butoxide, and zirconium tetra-tert-butoxide), chelate com- 
pounds (for example, di-isopropoxytitanlum bisacetylacetonate, di-butoxyt Itanium bisacetylacetonate, di-ethoxytitanium 
bisacetylacetonate, bisacetylacetone zirconium, aluminum acetylacetonate, aluminum-di-n-butoxide monoethylacetoa- 
cetate, aluminum-l-propoxide monomethylacetoacetate, and tri-n-butoxide zirconium monoethylacetoacetate), salts of 
organic acids (for example, zirconyl ammonium carbonate), and active inorganic polymers made mainly of zirconium. 
[0353] A compound used for the low-refractive-index layer includes a compound containing a fluorine atom, a sili- 
con-series compound substituted by an organic group that is represented by the following formula. 

R^^aR^^bSi4-(a+b) 

wherein R^"" and R^^ each stands for an alkyi group, an alkenyl group, an allyl group, and a hydrocarbon group having 
a halogen atom, an epoxy group, an amino group, a mercapto group, a methacryloxy group, or a cyano group; X stands 

for a hydrolysable substituent selected from a group consisting of an alkoxyl group, an alkoxyalkoxyl group, a halogen 
atom, and an acyloxy group, a and b each stands for 0, 1 or 2, and a+b equals 1 or 2 . The product resulted from the 
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hydrolysis of the compound represented by the above formula also can be used. The compound used forthe low-refrac- 
tlve-index layer may be used together with a compound other than these compounds. 

[0354] The low- refractive -index layer may be formed, by making therein microvoids, which have a size smaller than 
a light wavelength and are filled with air or being evacuated, uniformly. 

[0355] By the microvoids, the low-refractive-index layer has a void percentage of generally 1 to 50% by volume, 
preferably 3 to 50% by volume, more preferably 3 to 45% by volume, and particularly preferably 5 to 35% by volume. As 
methods for forming microvoids in the low- refractive -index layer, there are known a method of forming them at the time 
when carbon dioxide and water vapor are released, according to sol-gel process that is generally known; or a method 
of making microvoids between or inside fine particles, by including the particle having size of 0.1 |Lim or less, as 
described in JP-A-9-288201 . As methods for forming microvoids inside fine particles, there are known sol-gel method 
(described in JP-A-53-112732, and JP-B-57-9051), precipitation method (APPLIED OPTICS, 27, 3356(1988)), and the 
like. 

[0356] The fluorine compound used in the low-refractive-index layer may be a polymer produced by polymerizing a 
monomer having a fluorine atom. Specific examples of the monomer unit include fluoroolefins (for example, fluoroeth- 
ylene, vinylidene fluoride, tetrafluoroethylene, hexafluoroethylene, hexafluoropropylene, and perfluoro-2,2-dimethyl- 
1,3-dioxol); alkyi ester derivatives resulting from partial or complete fluorination of (meth)acrylic acid; and completely- 
or partially-fluorlnated vinyl ethers. The desired polymer can be obtained by copolymerizing any one of them, or two or 
more of them at an arbitrary ratio. 

[0357] In addition, there may be used not only polymers having, as a constituent unit, the above-mentioned fluo- 
rine-containing monomer, but also copolymers that additionally include a monomer containing no fluorine atom. The 
monomer unit that can be used in combination is not especially limited. Examples thereof include olefins (ethylene, pro- 
pylene, isoprene, vinyl chloride, vinylidene chloride, etc.), acrylic esters (methyl acrylate, ethyl acrylate, and 2-ethyl- 
hexyl acrylate), methacrylic esters (methyl methacrylate, ethyl methacrylate, butyl methacrylate, ethyleneglycol 
dimethacrylate, etc.), styrene derivatives (styrene, divinylbenzene, vinyltoluene, a-methylstyrene, etc.), vinyl ethers 
(methyl vinyl ether, etc.), vinyl esters (vinyl acetate, vinyl propionate, vinyl cinnamate, etc.), acrylamides (N-tert-buty- 
lacrylamide, N -cycle h exy I aery lamide, etc.), methacrylamides, and acrylonitrile derivatives. 
[0358] As shown in Fig. 15(d), an over coat layer may be provided to the anti -reflection film. 
[0359] Especially preferably, a slipping layer or a stainproofing layer may be provided on the low-refractive-index 
layer. 

[0360] Examples of a lubricant used in the slipping layer include polyorganosiloxane (for example, polydimethylsi- 
loxane, polydiethylsiloxane, polydiphenylsiloxane, polymethylphenylsiloxane, and alkyl-modified polydimethylsiloxane), 
natural waxes (for example, carnauba wax, candelilla wax, jojoba oil, rice wax, Japan wax, beeswax, lanolin, spermaceti 
wax, and montan wax), petroleum wax (for example, paraffin wax, and microcrystalline wax), synthetic waxes (for exam- 
ple, polyethylene wax, Fisher-Tropsch wax), higher aliphatic acid amides (for example, stearamide, oleic amide, and 
N,N'-methylenebisstearamide), higher aliphatic esters (for example, methyl stearate, butyl stearate, glycerin monostea- 
rate, and sorbitan monooleate), metal salts of higher aliphatic acids (for example, zinc stearate), and fluorine-containing 
polymers (for example, perfluoro-main-chain-type perfluoropolyether, perfluoro-side-chain-type perfluoropolyether, 
alcohol-modified perfluoropolyether, and isocyanate-modified perfluoropolyether). 

[0361] For the stainproofing layer, a fluorine-containing compound is used from the viewpoint of water repellency 
and oil repellency. 

[0362] Examples of the fluorine-containing compound include perfluoropolyether lubricants (for example, FOMB- 
LIN Z60 (trade name), made by Ausimont K.K.), perfluoroalkyl group-containing silane compounds (for example, (hep- 
tadecafluoro-1 ,1 ,2,2-tetradecyl)triethoxysilane, and KP-801M (trade name, manufactured by Shin-Etsu Silicone Co., 
Ltd.), or the like), and fluorine-containing polymers comprising a fluorine-containing monomer as a constituent uniL 
[0363] Specific examples of the monomer unit include, for example, fluoroolefins (for example, fluoroethylene, 
vinylidene fluoride, tetrafluoroethylene, hexafluoroethylene, hexafluoropropylene, perfluoro-2,2-dimethyl-1 ,3-dioxol), 
partially or completely fluorinated alkyI ester derivatives of (meth)acrylic acid (for example, BISCOAT 6FM (trade 
name), made by Osaka Organic Chemical Industry Ltd., and M-2020 (trade name), made by Daikin Industries, Ltd.), 
and completely or partially fluorinated vinyl ethers, or the like. The desired polymer can be obtained by copolymerizing 
any one of them, or two or more of them in combination, at a desired ratio. 

[0364] If the polymer contains the above-mentioned fluorine-containing monomer, a non-fluorine monomer may be 
contained as a constituent unit in order to impart functions of flexibility, crosslinking ability, or the like. Examples of the 
polymer containing such non-fluorine monomer, as the constituent unit, include copolymers of the above-mentioned flu- 
orine monomer and (meth)acrylate(ester) monomer; and JN-721 9, JN-7221 , and JN-7225 (trade name, made by JSR 
Co., Ltd.), which have further a structure to impart slipping ability. 

[0365] From the viewpoint of good balance between slipping ability and stainproofing ability, JN-721 9, JN-7221, 
and JN-7225 are preferable for the over coat layer. 

[0366] If an over coat layer is laminated on a low-refractive-index layer, the material for forming the over coat layer 
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penetrate into microvoids in the low- refractive-index layer so that its void percentage becomes unfavorably low. In order 
to keep a low refractive index, the percentage of the nnaterial of the over coat in the voids in the low-refractive-index layer 
is preferably less than 70% by volume. Specifically, for this purpose, a method can be mentioned where the size of the 
material of the over coat layer is made larger than the size of the microvoids; and such is attained by any one of the 
methods where, at the time of coating, raw materials in a coating solution are formed to (1) be fine particles such as 
latex, (2) be an emulsion-like, or (3) have high molecular weight. From the viewpoint of film-forming ability, especially 
preferable is the method of making the molecular weight of the material high. 

[0367] In the case that the molecular weight of the fluorine-containing compound making the over coat layer is 
made high, the weight-average molecular weight of the fluorine-containing compound is 30,000 to 2,000,000, and more 
preferably 50,000 to 2,000,000. In this case, the percentage of low-molecular weight components having a molecular 
weight of less than 20,000 such as a crosslinking agent, and a surfactant, other than the fluorine-containing compound, 
is generally 50% or less, and preferably 20% or less by weight of solid components in the over coat layer. 
[0368] The thickness of the protecting film is preferably 20 nm or less, and more preferably 1 0 nm or less, in order 
to give no effect on anti-glare property ability. 

[0369] In order to give anti-glare property to the anti-reflection film, unevenness (concave-convex) may be made in 
the anti- reflection film. Examples of the method for making unevenness include, a method of applying an unevenness 
layer wherein particles are added to a binder on a transparent support, as described in JP-A-61-209154; a method of 
laminating a film wherein an unevenness surface is beforehand formed, onto a coating layer on a transparent support 
to transfer the unevenness, as described in JP-A-6-16851 ; a method of applying an anti- reflection film to a product 
wherein unevenness is made, directly or through another layer such as a hard coat layer, in a transparent support by 
embossing; and a method of making unevenness by embossing after the formation of an anti -reflection film. 
[0370] In the case that the anti -reflection film is formed on unevenness, a distribution of its thickness is generated 
by leveling to deteriorate anti-reflection ability therefore this method is not preferable. In the case that anti-glare prop- 
erty is given to the coating-type anti-reflection film, it is preferable to use a method, In which unevenness is provided by 
embossing after formation of the anti-reflection film. 

[0371] In the case that unevenness is made by embossing, plastic deformation is hardly caused in the hard coat 
layer. Therefore, the unevenness is made by plastic defomnation of the transparent support. However, by disposing a 
polymer layer comprising (meth)acrylate, which is more easily deformed than the transparent support, between the 
transparent support and the hard coat layer, plastic deformation by pressure from the outside becomes larger. As a 
result, unevenness can easily be made in the surface. Further, in this step, not only the pressure but also heat may be 
used. By performing the embossing at a higher temperature than the glass transition temperature of (meth) aery late, the 
plastic deformation can be further promoted. By changing the structure of the ester moiety of (meth)acrylate, the glass 
transition temperature of the polymer can be set up arbitrary. However, the glass transition temperature of the acrylate 
is preferably between normal temperature and a temperature of 140 to 200 °C, which is generally the glass transition 
temperature of a transparent support. Specifically, the glass transition temperature of the acrylate is preferably 80 to 
11 0 °C. This is the following reason: this temperature has smaller value than that of the glass transition temperature of 
the transparent support, therefore, at normal temperature, the polymer does not damage the hard coat property of the 
anti-reflection film, and, at the time of making unevenness, it is possible to promote only the plastic deformation of the 
deformation layer, without changing optical and mechanical properties of the transparent support. 
[0372] Each of the optical compensative film and the anti-reflection film can be formed by applying the materials 
according to the dip coating method, the air-knife coating method, the curtain coating method, the roller coating 
method, the wire bar coating method, the gravure coating method, and the extrusion coating method (U.S. Patent No. 
2,681 ,294). Two or more layers may be coated at the same time. A method for coating layers at the same time is dis- 
closed in U.S. Patent Nos. 2,761,791, 2,941,898, 3,508,947, and 3,526,528, and "Kotingu Kogaku (Coating Technol- 
ogy)" written by Yuji Harazaki, p. 253, published by Asakura Shoten (1973). 

[0373] Fig. 16 shows an example of the construction drawings of the polarizing plate having anti-reflection capacity 
as well as optical compensative capacity, of the present invention. The polarizing plate of the present invention com- 
prises two transparent supports 221 , and 241 , a polarizing layer 251 interposed therebetween, an optical compensative 

film 252 containing an optical anisotropic layer 223 on the surface opposite to the polarizing layer of one of the trans- 
parent supports, and an anti-reflection film 253 on the surface opposite to the polarizing layer of the other transparent 
support. 

[0374] The polarizing plate according to the present invention, which has optical compensative capacity and anti- 
reflection capacity, can be applied to a liquid-crystal-display-type image display device. Fig. 17 shows an example of the 
construction drawings of a liquid-crystal-display-type image display device. The anti-reflection film 261 is disposed, as 
a polarizing plate, on the side of a display in such manner that the anti-reflection film is faced to the side of the display, 
while the optical compensative layer (film) 262b is stuck to a liquid crystal cell 263 by the aid of a adhesive 265 or the 
like. This polarizing plate having the optical compensative film is also used as a polarizing plate on the side of backlight, 
while the optical compensative film 262a Is stuck to the liquid crystal cell by the aid of a adhesive or the like. 



41 



EP 1 089 093 A2 



[0375] Fig. 1 8 is a representative schematic layout of the polarizing plate of the present invention for carrying out 
optical compensation. A backlight 274 side is a lower side, and a rubbing direction of a lower optical compensative film 
262a is 271a while a rubbing direction of an upper optical compensative film 262b is 271b. A broken arrow mark 272a 
of a liquid crystal cell 263 shows a rubbing direction of a liquid crystal cell substrate on the side of the backlight while a 
solid line 272b shows a rubbing direction of a liquid crystal cell substrate on the side of the display. The notations 273a 
and 273b respectively show axes of transmittance of the polarzing plate. 

[0376] As a schematic layout other than Fig. 18, the optical compensative film may not be provided in the form 
divided into 2 polarizing plates as described above. In other words, two optical anisotropic layers may be provided on 
the side of the liquid crystal cell of the lower polarizing plate. 

[0377] Fig. 19 shows a representative construction drawing of a color-liquid-crystal-display-type image display 
device of the present invention. In Fig. 19, the color-liquid-crystal-display-type image display device is constructed by a 
liquid crystal cell comprising a glass substrate 284a provided with a facing transparent electrode 282 and a color filter 
285, a glass substrate 284b provided with pixel electrodes 283 and TFT 286, and twisted nematic liquid crystals 
(twisted nematic liquid crystalline molecules) 281 interposed between the two substrates, and a pair of polarizing plates 
287a (a lower polarizing plate) and 287b (a upper polarizing plate) provided on both sides of the liquid crystal cell. 
Among these parts, the notation 287b is the polarizing plate of the present invention, and the notation 287a may have 
an optical anisotropic layer. Or alternatively, the lower polarizing plate may be provided with two optical anisotropic lay- 
ers as described above. 

[0378] The anti-reflection film of the present invention can easily be manufactured by coating, and is suitable for 
mass-production. By using such an anti-reflection film as above, it is possible to effectively prevent reflection of light on 
the image display face of an image display device. 

[0379] It is possible to provide an anti- reflection film having a high-refractive-index layer, which has a very high 

refractive index and is transparent. It is also possible to provide an anti-reflection film having a high -refractive-index 
layer excellent in physical strength (abrasion resistance, and the like) and weathering resistance (light resistance, mois- 
ture/heat resistance and the like). 

[0380] The anti-reflection film has a low-refractive-index layer, which is excellent in strength and has a very low- 
refractive-index. The low-refractive-index layer is remarkably improved in view of prevention of face-troubles (pointing 
defects) from being generated. 

[0381] By a polarizing plate having optical compensation capacity and anti -reflection ability according to the 
present invention, a liquid-crystal-display-type image display device using the polarizing plate, or a color-liquid-crystal- 
display-type image display device using the polarizing plate, it is possible to overcome deterioration in display quality 
based on reflection from light from the outside. By enlarging the field angle of a liquid-crystal-display-type or color liquid- 
crystal -display-type image display device in a TN mode, it is possible to provide a liquid-crystal-display-type image dis- 
play device having excellent display quality in all directions. Furthermore, the device can be easily and stably manufac- 
tured, and can be supplied at a low price. 

[0382] In order to explain the present invention in detail, the present invention will be described by way of working 
examples hereinafter. However, the present invention is not limited to these examples. 

EXAMPLES 

Examples related to Embodiment 1 
[EXAMPLE 1-1] 

(Preparation of coating solution of hard coat layer) 

[0383] 155.0 g of methyl ethyl ketone and 220.0 g of cyclohexanone were added to 625 g of a methyl ethyl ketone 
solution of the commercially available hard coating material (DESORAITO Z7503 (trade name), manufactured by JSR 
Co., Ltd.) (solid content density; 72% by weight, silica content; 38% by weight). After stirring, the mixture was filtered 
through 4 jiim mesh of a polypropylene filter to prepare a coating solution for hard coat layer. 

(Preparation of a titanium dioxide fine particle-dispersed solution) 

[0384] The following were dispersed in a sand grinder mill to prepare a dispersion solution of titanium dioxide, hav- 
ing a weight-average particle size of 53 nm: 30.0 parts by weight of titanium dioxide fine particles having a core/shell 
structure (TTO-55B (trade name), shell material: alumina (9% by weight of the total particles), manufactured by Ishihara 
Sangyo Kaisha, Ltd.); 4.5 parts by weight of a commercially available anionic monomer (PM-21 (trade name), made by 
Nippon Kayaku Co., Ltd.); 0.3 part by weight of a commercially available cationic monomer (DMAEA (trade name), 



42 



EP 1 089 093 A2 



made by Kohjin Co., Ltd.); and 65.2 parts by weight of cyclohexanone. 

(Preparation of a coating solution for a nnidd I e- refractive-index layer) 

[0385] The following were added to 49.60 g of the above-nnentioned titanium dioxide dispersed solution and then 
the resultant mixture was stirred: 18.08 g of dipentaerythritol hexaacrylate (DPHA (trade name), made by Nippon Kay- 
aku Co., Ltd.); 0.920 g of a photopolymerization initiator (Irgacure 907 (trade name), made by Chiba Geigy Co.); 0.307 
g of a photosensitizer (Kayacure DETX (trade name), made by Nippon Kayaku Co., Ltd.); 230.0 g of methyl ethyl 
ketone; and 500 g of cyclohexanone. The mixture was filtrated with a filter made of polypropylene and having pores of 
0.4 ^m in diameter, to prepare a coating solution for a middle-refractive-index layer. 

(Preparation of a coating solution for a high-refractlve-lndex layer) 

[0386] The following were added to 1 1 0.0 g of the above-mentioned titanium dioxide dispersed solution and then 
the resultant mixture was stirred: 6.29 g of dipentaerythritol hexaacrylate (DPHA (trade name), made by Nippon Kayaku 
Co., Ltd.); 0.520 g of a photopolymerization initiator (Irgacure 907 (trade name), made by Chiba Geigy Co.); 0.173 g of 
a photosensitizer (Kayacure DETX (trade name), made by Nippon Kayaku Co., Ltd.); 230.0 g of methyl ethyl ketone; 
and 460.0 g of cyclohexanone. The mixture was filtrated with a filter made of polypropylene and having pores of 0.4 |Lim 
in diameter, to prepare a coating solution for a high-refractlve-index layer. 

(Preparation of a coating solution for a low-refractive- index layer) 

[0387] To 500 g of a commercially available methanol dispersion solution of silica fine particles (methanol silica sol, 
concentration: 30% by weight, made by Nissan Chemical industries, Ltd.,) were added 7.5 g of a silane coupling agent 
(KBM-503 (trade name), made by Shin-Etsu Chemical Co., Ltd.) and 5.0 g of 0.1 N hydrochloric acid, and then the mix- 
ture was stirred at room temperature for 5 hours. Thereafter, the mixture was allowed to stand still at room temperature 
for 5 days to prepare a solution wherein the silica fine particles treated with the silane coupling agent were dispersed in 
methanol. 

[0388] To 121 .0 g of the methanol dispersion solution of fine silica particles subjected to silane coupling agent treat- 
ment, 7.43 g of dipentaerythritol hexaacrylate (DPHA, manufactured by Nippon Kayaku Co., Ltd.), 0.297 g of photopo- 
lymerization Initiator (Irgacure 907 (trade name), manufactured by Ciba-Geigy Co.), 0.149 g of a photosensitizer 
(Kayacure DETX (trade name), manufactured by Nippon Kayaku Co., Ltd.), 300 g of methyl iso-butyl ketone, and 300 g 
of 2-butanol were added and stirred. The thus-prepared mixture was filtrated through a0.4|Lim mesh polypropylene filter 
to prepare a coating solution for low-refractive-index layer. 

(Preparation of a coating solution for an over coat layer) 

[0389] To 50.0 g of a thermally crosslinkable fluorine-containing polymer (TN-020C (trade name), concentration of 
solid content: 6% by weight, methyl isobutyl ketone solution, manufactured by JSR Co., Ltd.) were added 1 10.6 g of 
methyl Isobutyl ketone and 39.4 g of cyclohexanone, and then the mixture was stirred. The mixture was filtrated with a 
filter made of polypropylene and having pores of 0.4 |Lim in diameter, to prepare a coating solution for an over coat layer. 

(Production of an anti -reflection film) 

[0390] The above-mentioned coating solution for a hard coat layer was applied onto a triacetylcellulose film (TAC- 
TD80U (trade name), made by Fuji Photo Film Co., Ltd.) having a thickness of 80 |Lim with a bar coater. The applied 
layer was dried at 90 °C and was then hardened by irradiation of ultraviolet rays, to form a hard coat layer having a thick- 
ness of 6 iLim. 

[0391] The above-mentioned coating solution for a middle-refractive-index layer was applied onto the hard coat 
layer with a bar coater. The applied layer was dried at 60 °C and was then hardened by irradiation of ultraviolet rays, to 
form a middle-refractive-index layer (refractive index: 1 .70, thickness: 70 nm, TTO-55B, 21% by volume). 
[0392] The above-mentioned coating solution for a high-refractlve-index layer was applied onto the middle-refrac- 
tive-lndex layer with a bar coater. The applied layer was dried at 60 °C and was then hardened by Irradiation of ultravi- 
olet rays, to form a high -refractive -index layer (refractive index: 1.95, thickness: 50 nm, TTO-55B, 51% by volume). 
[0393] The above-mentioned coating solution for a low- refractive-index layer was applied onto the high -refractive- 
Index layer with a bar coater. The applied layer was dried at 60 °C and was then hardened by Irradiation of ultraviolet 
rays, to form a low-refractive-index layer (refractive index: 1.40, and thickness: 75 nm). 

[0394] The above-mentioned coating solution for an over coat layer was applied onto the low- refractive-index layer 
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with a bar coater, so that the applied amount of solid content would be 35 mg/m^. The resultant was heated at 120 °C 
for 1 0 minutes, to form an over coat layer. In this way, an anti-reflection film was produced. 

(Evaluation of the anti-reflection film) 

5 

[0395] The produced anti- reflection film was evaluated as to the following items. The results are shown in Tables 1 
and 2. 

(1) Whitening test 

10 

[0396] A sunshine weather meter (S-80 (trade name), made by Suga Test instruments Co.) was used to perform a 
whitening test under the condition of exposure to a sunshine carbon arc light at a relative humidity of 60% for 90 hours. 
The degree of whitening caused of the anti-reflection film before and after the exposure was observed, and then the 
anti-reflection film was evaluated according to the following three ranks. 

15 

A: Whitening was never observed by visual observation. 
B: Whitening was slightly observed by visual observation. 
C: Whitening was remarkably observed by visual observation. 

20 (2) Evaluation of haze 

[0397] The haze before and after the above-mentioned exposure was evaluated with a haze meter (NHD-1 001 DP 
(trade name), made by Nippon Densyoku Industries Co., Ltd.). 

25 (3) Evaluation of Average Reflectance 

[0398] Spectral reflectance at an incidence angle of 5° in the wavelength region of 380 to 780 nm was measured 
by means of a spectrophotometer (manufactured by JASCO Corporation). An average reflectance before and after the 
mentioned exposure was obtained in the wavelength region of 450 to 650 nm. 

30 

(4) Evaluation of Pencil Hardness 

[0399] The anti-reflection film before or after the above-mentioned exposure, was humidified under the conditions 
of 25 °C and 60% R.H. for 2 hours. Thereafter, according to the evaluation method of the pencil hardness specified by 
35 JIS-K-5400, the pencil hardness per Kg of load was evaluated using the testing pencil specified by JIS-S-6006. 

(5) Evaluation of steel wool Scratch-resistance 

[0400] A load of 500 g/cm^ was applied to a steel wool of #0000 on the anti-reflection film before or after the above- 
40 mentioned exposure, and then the steel wool was caused to go and return 50 times. The state of generated scratch was 
observed and evaluated according to the following three ranks. 

A: There was no scratch. 

B: There were minor scratches, but they were hardly seen. 
45 C: There were scratches remarkably. 

(6) Evaluation of wiping easiness of fingerprint 

[0401] Fingerprints were attached on the surface of an anti- reflection film that was before or after the above-men- 
50 tioned exposure. Then, a state at the time when the fingerprints were wiped with a cleaning cloth was observed and 
evaluated according to the following three grades. 

A: Fingerprints were completely wiped off. 
B: Part of fingerprints were left without being wiped off. 
55 C: Substantially all fingerprints were left without being wiped off. 



44 



EP 1 089 093 A2 



(7) Evaluation of wiping easiness of ink of marking pen 

[0402] An oil-based ink of a nnarking pen (ZEBRA macky (trade name), red, manufactured by ZEBRA Co.) was 
attaclied on the surface of an anti-reflection film that was before or after the exposure, and left for 30 minutes. Thereaf- 
ter, a state at the time when the ink was wiped with a cleaning cloth was observed and evaluated according to the fol- 
lowing three grades. 

A: Marking-pen-ink was completely wiped off. 

B: Part of marking-pen-ink was left without being wiped off. 

C: Substantially all marking-pen-ink was left without being wiped off. 

(8) Evaluation of void Ratio in Low-Refractive-Index Layer 

[0403] A void ratio in the low-refractive-index layer was calculated by comparison between a refractive index deter- 
mined by the material which is incorporated in the low- refractive-index layer, and a refractive index determined by the 
spectral reflectance curve of the low-refractive-index layer. 

(9) Evaluation of void occupation ratio of materials of overcoating layer in the low- refractive-index layer 

[0404] Based on the shapes of spectral curves of reflectance before and after coating the over coating layer, varia- 
tion of the refractive index before and after coating was estimated, to measure a void occupation ratio in the low-refrac- 
tive-index layer, owing to over coat layer materials. 

[Comparative Example 1-1] 

(Preparation of a titanium dioxide fine particle-dispersed solution) 

[0405] The following were dispersed in a sand grinder mill to prepare a solution wherein titanium dioxide, which had 
a weight-average particle size of 55 nm, was dispersed: 30.0 parts by weight of titanium dioxide fine particles having no 
core/shell structure (TTO-55N (trade name), shell material: none, made by Ishihara Sangyo Kaisha, Ltd.); 4.5 parts by 
weight of a commercially available anionic monomer (PM-21 (trade name), made by Nippon Kayaku Co., Ltd.); 0.3 part 
by weight of a commercially available cationic monomer (DMAEA (trade name), made by Kohjin Co., Ltd.); and 65.2 
parts by weight of cyclohexanone. 

(Preparation of a coating solution for a middle-refractive-index layer) 

[0406] The following were added to 45.14 g of the above-mentioned titanium dioxide dispersed solution, and then 
the resultant mixture was stirred: 18.74 g of dipentaerythritol hexaacrylate (DPHA (trade name), made by Nippon Kay- 
aku Co., Ltd.); 0.941 g of a photopolymerization initiator (Irgacure 907 (trade name), made by Chiba Geigy Co.); 0.314 
g of a photosensitizer (Kayacure DETX (trade name), made by Nippon Kayaku Co., Ltd.); 230.0 g of methyl ethyl 
ketone; and 500 g of cyclohexanone. The mixture was filtrated with a filter made of polypropylene and having pores of 
0.4 |im in diameter, to prepare a coating solution for a middle-refractive-index layer. 

(Preparation of coating solution for high-refractive-index layer) 

[0407] To 100.2 g of the thus-prepared dispersion solution of titanium dioxide, 7.76 g of dipentaerythritol hexaacr- 
ylate (DPHA (trade name), manufactured by Nippon Kayaku Co., Ltd.), 0.566 g of a photopolymerization initiator (Irga- 
cure 907 (trade name), manufactured by Ciba-Geigy Co.), 0.189 g of a photosensitizer (Kayacure DETX (trade name), 
manufactured by Nippon Kayaku Co., Ltd.), 230.0 g of methyl ethyl ketone, and 460.0 g of cyclohexanone were added 
and stirred. The thus-prepared mixture was filtrated through a 0.4 |nm mesh polypropylene filter, to prepare a coating 
solution for high-refractive-index layer. 

(Production of an anti -reflection film) 

[0408] The above-mentioned coating solution for a middle-refractive- index layer was applied onto the hard coat 
layer formed in Example 1 -1 , with a bar coater. The applied layer was dried at 60 °C and was then hardened by irradi- 
ation of ultraviolet rays, to form a middle-refractive-index layer (refractive index: 1 .70, thickness: 70 nm, TTO-55N, 19% 
by volume). 
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[0409] The above-mentioned coating solution for a high-refractive-index layer was applied onto the middle- refrac- 
tive-index layer with a bar coater. The applied layer was dried at 60 °C and was then hardened by irradiation of ultravi- 
olet rays, to form a high-refractive-index layer (refractive index: 1.95, thickness: 50 nm, TTO-55N, 47% by volume). 
[0410] The above-mentioned coating solution for a low- refractive-index layer, prepared in Example 1 -1 , was applied 
onto the high-refractive-index layer with a bar coater. The applied layer was dried at 60 °C and was then hardened by 
irradiation of ultraviolet rays to form a low-refractlve-index layer (refractive Index: 1 .40, and thickness: 75 nm). 
[041 1] The above-mentioned coating solution for an over coat layer, prepared in Example 1 -1 , was applied onto the 
low-refractive-index layer with a bar coater, so that the applied amount of solid contents would be 35 mg/m^. The result- 
ant was heated at 1 20 °C for 1 0 minutes, to form an over coat layer. In this way, an anti-reflection film was produced. 

(Evaluation of the anti-reflection film) 

[0412] The produced a nti- reflection film was evaluated in the same manner as in Example 1-1. The results are 
shown in Tables 1 and 2. 

[Example 1 -2] 

(Preparation of a titanium dioxide fine particle-dispersed solution) 

[0413] The following were dispersed in a sand grinder mill to prepare a dispersion solution of titanium dioxide, hav- 
ing a weight-average particle size of 54 nm: 30.0 parts by weight of titanium dioxide fine particles having a core/shell 
structure (TTO-55D (trade name), shell material: alumina/zirconium oxide (22% by weight of the total particles), manu- 
factured by Ishihara Sangyo Kaisha, Ltd.); 4.5 parts by weight of a commercially available anionic monomer (PM-21 
(trade name), made by Nippon Kayaku Co., Ltd.); 0.3 part by weight of a commercially available cationic monomer 
(DMAEA (trade name), made by Kohjin Co., Ltd.); and 65.2 parts by weight of cyclohexanone. 

(Preparation of a coating solution for a middle-refractive-index layer) 

[0414] The following were added to 57.85 g of the above-mentioned titanium dioxide dispersed solution and then 
the resultant mixture was stirred: 16.86 g of dipentaerythritol hexaacrylate (DPHA (trade name), made by Nippon Kay- 
aku Co., Ltd.); 0.91 0 g of a photopolymerization initiator (Irgacure 907 (trade name), made by Chiba Geigy); 0.303 g of 
a photosensitizer (Kayacure DETX (trade name), made by Nippon Kayaku Co., Ltd.); 230.0 g of methyl ethyl ketone; 
and 500 g of cyclohexanone. The mixture was filtrated with a filter made of polypropylene and having pores of 0.4 ^im 
in diameter, to prepare a coating solution for a middle-refractive-index layer. 

(Preparation of a coating solution for a high-refractive-index layer) 

[0415] The following were added to 128.5 g of the above-mentioned titanium dioxide dispersed solution and then 
the resultant mixture was stirred: 3.57 g of dipentaerythritol hexaacrylate (DPHA (trade name), made by Nippon Kayaku 
Co., Ltd.); 0.519 g of a photopolymerization initiator (Irgacure 907 (trade name), made by Chiba Geigy); 0.173 g of a 
photosensitizer (Kayacure DETX (trade name), made by Nippon Kayaku Co., Ltd.); 230.0 g of methyl ethyl ketone; and 
460.0 g of cyclohexanone. The mixture was filtrated with a filter made of polypropylene and having pores of 0.4 |Lim in 
diameter, to prepare a coating solution for a high -refractive-index layer. 

(Production of an anti-reflection film) 

[0416] The above-mentioned coating solution for a middle-refractive-index layer was applied onto the hard coat 
layer formed in Example 1-1 with a bar coater. The applied layer was dried at 60 °C and was then hardened by irradia- 
tion of ultraviolet rays to form a middle-refractive-index layer (refractive index: 1.70, thickness: 70 nm, TTO-55D, 25% 

by volume). 

[0417] The above-mentioned coating solution for a high -refractive-index layer was applied onto the middle- refrac- 
tive-index layer with a bar coater. The applied layer was dried at 60 °C and was then hardened by irradiation with ultra- 
violet rays, to form a high-refractive-index layer (refractive index: 1.95, thickness: 50 nm, TTO-55D, 59% by volume). 
[0418] The coating solution for a low-refractive-index layer, prepared in Example 1-1, was applied onto the high- 
refractive-index layer with a bar coater. The applied layer was dried at 60 °C and was then hardened by irradiation of 
ultraviolet rays to form a low-refractive-index layer (refractive index: 1 .40, and thickness: 75 nm). 
[041 9] The above-mentioned coating solution for an over coat layer, prepared in Example 1 -1 , was applied onto the 
low-refractive-index layer with a bar coater, so that the applied amount of solid contents would be 35 mg/m^. The result- 
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ant was heated at 1 20 °C for 1 0 minutes to fornn an over coat layer. In this way, an anti-reflection film was produced. 

(Evaluation of the anti-reflection film) 

[0420] The produced anti- reflection film was evaluated in the same manner as in Example 1-1. The results are 
shown In Tables 1 and 2. 

[Example 1 -3] 

[0421] The following were dispersed in a sand grinder mill to prepare a dispersion solution of titanium dioxide, hav- 
ing a weight-average particle size of 54 nm: 30.0 parts by weight of titanium dioxide fine particles having a core/shell 
structure (TTO-55A (trade name), shell material: alumina (5% by weight of the total particles), made by Ishihara Sangyo 
Kaisha, Ltd.); 4.5 parts by weight of a commercially available anionic monomer (PM-21 (trade name), made by Nippon 
Kayaku Co., Ltd.); 0.3 part by weight of a commercially available cationic monomer (DMAEA (trade name), made by 
Kohjin Co., Ltd.); and 65.2 parts by weight of cyclohexanone. 

(Preparation of a coating solution for a middle-refractive-index layer) 

[0422] The following were added to 47.52 g of the above-mentioned titanium dioxide dispersed solution and then 
the resultant mixture was stirred: 18.39 g of dipentaerythritol hexaacrylate (DPHA (trade name), made by Nippon Kay- 
aku Co., Ltd.); 0.931 g of a photopolymerization initiator (Irgacure 907 (trade name), made by Chiba Geigy Co.); 0.31 1 
g of a photosensitizer (Kayacure DETX (trade name), made by Nippon Kayaku Co., Ltd.); 230.0 g of methyl ethyl 
ketone; and 500 g of cyclohexanone. The mixture was filtrated with a filter made of polypropylene and having pores of 
0.4 |Lim in diameter, to prepare a coating solution for a middle-refractive-index layer. 

(Preparation of a coating solution for a high-refractive-index layer) 

[0423] The following were added to 105.5 g of the above-mentioned titanium dioxide dispersed solution and then 
the resultant mixture was stirred: 6.97 g of dipentaerythritol hexaacrylate (DPHA (trade name), made by Nippon Kayaku 
Co., Ltd.); 0.542 g of a photopolymerization initiator (Irgacure 907 (trade name), made by Chiba Geigy); 0.181 g of a 
photosensitizer (Kayacure DETX (trade name), made by Nippon Kayaku Co., Ltd.); 230.0 g of methyl ethyl ketone; and 
460.0 g of cyclohexanone. The mixture was filtrated with a filter made of polypropylene and having pores of 0.4 iim in 
diameter, to prepare a coating solution for a high-refractive-index layer. 

(Production of an anti -reflection film) 

[0424] The above-mentioned coating solution for a middle-refractive-index layer was applied onto the hard coat 
layer formed in Example 1-1 with a bar coater. The applied layer was dried at 60 °C and was then hardened by irradia- 
tion of ultraviolet rays to form a middle-refractive-lndex layer (refractive index: 1 .70, thickness: 70 nm, TTO-55A, 20% 
by volume). 

[0425] The above-mentioned coating solution for a high -refractive-index layer was applied onto the middle-refrac- 
tive-index layer with a bar coater. The applied layer was dried at 60 °C and was then hardened by irradiation with ultra- 
violet rays, to form a high-refractive-index layer (refractive index: 1 .95, thickness: 50 nm, TTO-55A, 49% by volume). 
[0426] The coating solution for a low-refractive-index layer, prepared in Example 1-1, was applied onto the high- 
refractive-lndex layer with a bar coater. The applied layer was dried at 60 °C and was then hardened by irradiation with 
ultraviolet rays, to form a low- refractive -index layer (refractive index: 1 .40, and thickness: 75 nm). 
[0427] The above-mentioned coating solution for an over coat layer, prepared in Example 1 -1 , was applied onto the 
low-refractive-index layer with a bar coater, so that the applied amount of solid contents would be 35 mg/m^. The result- 
ant was heated at 1 20 °C for 1 0 minutes, to form an over coat layer. In this way, an anti-reflection film was produced. 

(Evaluation of the anti-reflection film) 

[0428] The produced anti- reflection film was evaluated in the same manner as in Example 1-1. The results are 
shown in Tables 1 and 2. 
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[Example 1 -4] 

(Preparation of a coating solution for an overcoat layer) 

5 [0429] To 50.0 g of a thernnally crosslinking fluorine-containing polynner (JN-7214 (trade nanne), concentration of 
solid components: 6% by weight in methyl Isobutyl ketone solution, made by JSR Co., Ltd.) were added 110.6 g of 
methyl isobutyl ketone and 39.4 g of cyclohexanone, and then the mixture was stirred. The mixture was filtrated with a 
filter made of polypropylene and having pores of 0.4 ^m in diameter, to prepare a coating solution for an overcoat layer. 

10 (Production of an anti-reflection film) 

[0430] The above-mentioned coating solution for an over coat layer was applied onto the low- refractive -index layer, 
prepared in Example 1 -1 , with a bar coater, so that the applied amount of solid components would be 35 mg/m^. The 
resultant was heated at 120 °C for 10 minutes to form an over coat layer. In this way, an anti-reflection film was pro- 
15 duced. 

(Evaluation of the anti-reflection film) 

[0431] The produced anti-reflection film was evaluated in the same manner as in Example 1-1. The results are 
20 shown in Tables 1 and 2. 

[Example 1 -5] 

(Preparation of a coating solution for an over coat layer) 

25 

[0432] To 3.0 g of a commercially available fluorine-containing polymer (Sitop CTX-809A (trade name), made by 
Asahi Glass Co.) having an average-weight molecular weight of 200,000 was added 1 97.0 g of a commercially available 
fluorine-based solvent (Florinate FC77 (trade name), made by Sumitomo 3M Ltd.), and then the mixture was stirred. 
The mixture was filtrated with a filter made of polypropylene and having pores of 0.4 ^m in diameter, to prepare a coat- 
30 ing solution for an over coat layer. 

(Production of an anti-reflection film) 

[0433] The above-mentioned coating solution for an over coat layer was applied onto the low-refractive-index layer 
35 prepared in Example 1 -1 , with a bar coater, so that the applied amount of solid content would be 35 mg/m^. The result- 
ant was heated at 120 °C for 10 minutes, to form an over coat layer. In this way, an anti-reflection film was produced. 

(Evaluation of the anti-reflection film) 

40 [0434] The produced anti-reflection film was evaluated in the same manner as in Example 1-1. The results are 
shown in Tables 1 and 2. 

[Example 1 -6] 

45 (Preparation of a coating solution for an over coat layer) 

[0435] To 50.0 g of a ultraviolet-crosslinking fluorine-containing polymer (TN-011 (trade name), concentration of 
solid content: 6% by weight, methyl isobutyl ketone solution, made by JSR Co., Ltd.) were added 1 10.6 g of methyl iso- 
butyl ketone and 39.4 g of cyclohexanone, and then the mixture was stirred. The mixture was filtrated with a filter made 
50 of polypropylene and having pores of 0.4 |Lim in diameter, to prepare a coating solution for an over coat layer. 

(Production of an anti-reflection film) 

[0436] The above-mentioned coating solution for an over coat layer was applied onto the low-refractive-index layer 
55 prepared in Example 1 -1 , with a bar coater, so that the applied amount of solid content would be 35 mg/m^. The result- 
ant was dried at 60 °C. Thereafter, the applied layer was irradiated with ultraviolet rays and hardened to form an over 
coat layer. In this way, an anti-reflection film was produced. 
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(Evaluation of the anti-reflection film) 

[0437] The produced anti-reflection filnn was evaluated in the sanne manner as in Example 1-1. The results are 
shown in Tables 1 and 2. 

[Example 1 -7] 

(Preparation of a coating solution for an over coat layer) 

[0438] To 1 .0 g of a commercially available silane coupling agent (KP-801 M (trade name), made by Sin-Etsu Chem- 
ical Co., Ltd.) was added 330 g of a commercially available fluorine-based solvent (Florinate FC77 (trade name), made 
by Sumitomo 3M Ltd.), and then the mixture was stirred. The mixture was filtrated with a filter made of polypropylene 
and having pores of 0.4 ^im in diameter, to prepare a coating solution for an over coat layer. 

(Production of an anti-reflection film) 

[0439] The above-mentioned coating solution for an over coat layer was applied onto the low-refractive-index layer 
prepared in Example 1 -1 , with a bar coater, so that the applied amount of solid content would be 5 mg/m^. The resultant 
was heated at 120 °C for 30 minutes, to form an over coat layer. In this way, an anti-reflection film was produced. 

(Evaluation of the anti- reflection film) 

[0440] The produced anti- reflection film was evaluated in the same manner as in Example 1-1. The results are 
shown in Tables 1 and 2. 

[Example 1 -8] 

(Preparation of a coating solution for a low-refractive-index layer) 

[0441] A thermally crosslinking fluorine-containing polymer (TN-020C (trade name), concentration of solid con- 
tents: 6% by weight, methyl isobutyl ketone solution, made by JSR Co., Ltd.,) was used. The polymer was filtrated with 
a filter made of polypropylene and having pores of 0.4 ^im in diameter, to prepare a coating solution for an over coat 
layer. 

(Production of an anti -reflection film) 

[0442] The above-mentioned coating solution for a low-refractive-index layer was applied onto the high -refractive- 
index layer prepared in Example 1 -1 , with a bar coater. The resultant was heated at 120 °C for 10 minutes, to form an 
over coat layer (refractive index: 1 .42, and thickness: 97 nm). In this way, an anti-reflection film was produced. 

(Evaluation of the anti-reflection film) 

[0443] The produced anti- reflection film was evaluated in the same manner as in Example 1-1. The results are 
shown in Tables 1 and 2. 

[Comparative Example 1 -2] 

(Production of an anti -reflection film) 

[0444] The above-mentioned coating solution for a low- refractive -index layer, prepared in Example 1 -8, was applied 
onto the high-refractive-index layer prepared in Comparative Example 1-1 , with a bar coater. The resultant was heated 
at 120 °C for 10 minutes, to form an overcoat layer (refractive index: 1.42, and thickness: 97 nm). In this way, an anti- 
reflection film was produced. 

(Evaluation of the anti -reflection film) 

[0445] The produced anti-reflection film was evaluated in the same manner as in Example 1-1. The results are 
shown in Tables 1 and 2. 



49 



EP 1 089 093 A2 



[Example 1 -9] 

(Production of an anti -reflection film) 

5 [0446] An anti-reflection film was produced in the same manner as in Example 1-1 , except that when the middle- 
refractive-index layer, the high-refractive-index layer, and the low-refractive-lndex layer were formed, irradiation of ultra- 
violet rays were carried out with purging by nitrogen so that the atmosphere wold have an oxygen concentration of 2 to 
4 vol%, to cure each coated layer. 

10 (Evaluation of the anti-reflection film) 

[0447] The produced anti- reflection film was evaluated in the same manner as in Example 1-1 . The results are also 
shown in Tables 1 and 2. 

15 [Example 1 -1 0] 

(Production of an anti-reflection film) 

[0448] An anti-reflection film was produced in the same manner as in Example 1-8, except that when the middle- 

20 refractive-index layer and the high-refractive-index layer were formed, irradiation of ultraviolet rays were carried out with 
purging by nitrogen so that the atmosphere would have an oxygen concentration of 2 to 4 vol%, to cure each coated 
layer. 

(Evaluation of the anti-reflection film) 

25 

[0449] The produced anti- reflection film was evaluated in the same manner as in Example 1-1 . The results are also 
shown in Tables 1 and 2. 

[Example 1-11] 

30 

(Production of an anti-reflection film) 

[0450] One of the surfaces of a triacetylcellulose film (TAC-TD80UF (trade name), made by Fuji Photo Film Co., 
Ltd.) having a thickness of 80 |xm was subjected to saponification treatment. The coating solution for a hard coat layer 
35 as prepared in Example 1 -1 was applied onto the other surface of the triacetylcellulose film that had not been subjected 
to saponification treatment, with a bar coater. The applied layer was dried at 90 °C and was then cured by irradiation of 
ultraviolet rays, to form a hard coat layer having a thicl<ness of 6 [im. 

[0451] Onto the thus-prepared hardcoat layer, the middle-refractive-index layer, the high-refractive-index layer, and 
the low-refractive-index layer were formed in the same manner as in Example 1 -1 , to prepare an anti-reflection film. 

40 

(Evaluation of the anti-reflection film) 

[0452] The produced anti- reflection film was evaluated in the same manner as in Example 1-1 . The results are also 
shown in Tables 1 and 2. 

45 

(Preparation of a polarizing plate) 

[0453] A polyvinyl alcohol film having a thickness of 75 |iim (manufactured by Kuraray Co.) was immersed in an 

aqueous solution composed of 1000 parts by weight of water, 7 parts by weight of iodide, and 105 parts by weight of 
50 potassium iodide, for 5 minutes, to allow the adsorption of iodide. Thereafter, this film was monoaxially stretched 4.4 
times in the lengthwise direction, in a 4 wt%-boric acid aqueous solution, at 40 °C, and then the film was dried with 
being stretched to prepare a polarizing film. 

[0454] To one side of the polarizing film, the saponified side of the triacetylcellulose film of the anti-reflection film 
was adhered using a polyvinylalcohol-series adhesive as an adhesive. Further, on the other side of the polarizing film, 
55 a saponified triacetylcellulose film was adhered using the same polyvinylalcohol-series adhesive. In this manner, a 
polarizing plate was prepared. 
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(Evaluation of the polarizing plate) 

[0455] The thus-prepared polarizing plate was evaluated in the same manner as in Example 3-1 mentioned below, 
and good results were obtained. 
5 [0456] With respect to the evaluation of the anti-reflection films, in addition to the above items (1) to (9), each anti- 
reflection film was evaluated on the following items (1 0) and (11). 

(10) Evaluation of dynamic friction coefficient 

10 [0457] The dynamic friction coefficient was evaluated as an indication of the sliding property of the surface of the 
low-reflective-index layer side of the anti-reflection film. The dynamic friction coefficient was measured, after the anti- 
reflection film sample was subjected to humidification of a temperature of 25 °C and a relative humidity of 60% for 2 
hours, by means of a dynamic friction meter (HEIDON-14) using a stainless steel ball having a diameter of 5 mm, with 
a load of 100 g, at a rate of 60 cm/min. 

75 

(11) Evaluation of contact angle 

[0458] The anti -reflection film sample was subjected to humidification at a temperature of 25 °C and a humidity of 
60%RH for 2 hours. Thereafter, contact angle with water of the surface of the anti-reflective film on the side of the low- 
20 reflective-index layer was measured. 
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Examples related to Embodiment 2 

[EXAMPLE 2-1] 

5 (Preparation of coating solution of hard coat layer) 

[0459] 155.0 g of methyl ethyl ketone and 220.0 g of cyclohexanone were added to 625 g of a methyl ethyl ketone 
solution of the commercially available hard coating material (DESORAITO Z7503 (trade name), manufactured by JSR 
Co., Ltd.) (solid content density; 72% by weight, silica content; 38% by weight). After stirring, the mixture was filtered 
10 through 4 fxm mesh of a polypropylene filter to prepare a coating solution for hard coat layer. 

(Preparation of dispersion solution of short fibrous inorganic fine particles) 

[0460] To a mixed solvent of 1 39.0 of pure water and 1 67.0 g of methanol, 2982.5 g of a water/methanol solution of 

15 tetraethoxy silane (wherein 533.0 g of tetraethoxy silane was dissolved in 2450 g of a mixed solvent of water/methanol 
(weight ratio 2/8)), and 596.4 g an 0.25% aqueous ammonia were added simultaneously over 15 hours, while maintain- 
ing at 60 °C. After completion of addition, the resulting mixture was further ripened at the same temperature for 3 hours. 
Thereafter, the unreacted tetraethoxy silane, methanol, and ammonia were almost completely removed by a ultrafiltra- 
tion filter, and then a pure water was added to the resulting substance so that the density of silica becomes 1% by 

20 weight. The ammonia density measured by an ion-selective electrode was 80 ppm. 

[0461] Next, the resultant mixture was subjected to hydrothermal treatment, in an autoclave, at 300 °C, for 1 0 hours, 
and thereafter it was refined by means of an amphoteric ion-exchange resin, to prepare a dispersion solution of short 
fibrous fine silica particles having the mean diameter of about 15 nm, and the mean length of about 60 nm. 
[0462] From the thus-obtained aqueous dispersion solution of short fibrous fine silica particles, a methanol disper- 

25 sion solution of short fibrous fine silica particles having the density of 20% by weight was prepared, according to a sol- 
vent substitution method. 

(Preparation of coating solution for low-refractive-index layer) 

30 [0463] To 500 g of the thus-prepared methanol dispersion solution of short fibrous fine silica particles, 5.0 g of 
silane coupling agent (KBM-503 (trade name), manufactured by Shin-Etsu Chemical Co., Ltd.) and 5.0 g of 0.1 N hydro- 
chloric acid were added and stirred at a room temperature for 5 hours, and then stored at a room temperature for 5 
days. Thus, a methanol dispersion solution of short fibrous fine silica particles subjected to silane coupling agent treat- 
ment, was prepared. 

35 [0464] To 138.1 g of the methanol dispersion solution of short fibrous fine silica particles subjected to silane cou- 
pling agent treatment, 13.35 g of dipentaerythritol hexaacrylate (DPHA (trade name), manufactured by Nippon Kayaku 
Co., Ltd.), 0.534 g of a photopolymerization initiator (Irgacure 907 (trade name), manufactured by Ciba-Geigy Co.), 
0.267 g of a photosensitizer (Kayacure DETX (trade name), manufactured by Nippon Kayaku Co., Ltd.), 300 g of methyl 
isobutyl ketone, and 300 g of 2-butanol were added and stirred. The thus-prepared mixture was filtrated through a 0.4 

40 |Lim mesh polypropylene filter to prepare a coating solution for low-refractive-index layer. 

(Production of anti -reflection film) 

[0465] The anti-reflection film was prepared under the environmental conditions, in which the number of dusts hav- 
45 ing a size of 0.3 |Lim or more is 3 or less per m^ of air. 

[0466] The above-described coating solution for hard coat layer was coated on a triacetyl cellulose film having 80 
[im thickness (TAC-TD80U (trade name), manufactured by Fuji Photo Film Co. Ltd.) with a bar coater, and the coated 
layer was dried at 90 °C, and irradiated with ultraviolet radiation to harden. Thus, a hard coat layer having 6 |Lim thick- 
ness was formed. 

50 [0467] The above-described coating solution for low- refractive-index layer was applied on the hard coat layer with 
a bar coater. After being dried at 90 °C, thus-coated layer was irradiated with ultraviolet radiation for hardening, to form 
a low- refractive-index layer (thickness; 95nm). Thus, an anti-reflection film was prepared. 

(Evaluation of anti-reflection film) 

55 

[0468] The thus-produced anti-reflection film was subjected to the following points of evaluation. The results are 
shown in Table 3. 
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Table 3 





Point defect 
(number/m^) 


Average reflect- 
ance (%) 


Refractive index 
of low- refractive- 
index layer 


Void ratio in low- 
refractive-index 
(% by volume) 


Pencil layer hard- 
ness 


Example 2-1 


0 


1.76 


1.40 


17.3 


2H 


Comparative 
Example 2-1 


85 


1.77 


1.40 


16.1 


2H 


Comparative 
Example 2-2 


25 


3.66 


1.49 


0 


2H 


Example 2-2 


0 


2.12 


1.42 


15.1 


2H 



(1) Evaluation of Pointing Defect 

[0469] The number of pointing defects having a diameter of 10 |xm or more was counted per m^ of the produced 
anti-reflection film. The size of the pointing defect was measured by means of a microscopy. The pointing defect is 
observed like a bright point by a naked eye. 

(2) Evaluation of Average Reflectance 

[0470] Spectral reflectance at an incidence angle of 50 in the wavelength region of 380 to 780 nm was measured 
by means of a spectrophotometer (manufactured by JASCO Corporation). An average reflectance was obtained in the 
wavelength region of 450 to 650 nm. 

(3) Evaluation of Refractive Index of Low-refractive-index Layer 

[0471] A refractive Index was estimated by a computation from a shape of the spectral reflectance curve of low- 
refractive-index layer. 

(4) Evaluation of Void Ratio in Low- Refractive- Index Layer 

[0472] A void ratio in the low- refractive -index layer was calculated by comparison between a refractive index deter- 
mined by the material, which is incorporated in the low-refractive-index layer, and a refractive index determined by the 
above-described spectral reflectance curve. 

(5) Evaluation of Pencil Hardness 

[0473] The anti-reflection film was humidified under the conditions of 25 °C and 60% R.H. for 2 hours. Thereafter, 
according to the evaluation method of the pencil hardness specified by JIS-K-5400, the pencil hardness per Kg of load 
was evaluated using the testing pencil specified by JIS-S-6006. 

[COMPARATIVE EXAMPLE 2-1] 

(Preparation of dispersion solution of spherical inorganic fine particles) 

[0474] Similarly to Example 2-1, tetraethoxy silane was subjected to hydrolysis. Thereafter, the resultant mixture 
was refined by ultrafiltration and adjusted to the silica density of 1% by weight and the ammonia density of 110 ppm, 
respectively. Then, the mixture was subjected to hydrothermal treatment, in an autoclave, at 200 °C, for 10 hours, to 
prepare a dispersion solution of spherical fine silica particles having the mean diameter of about 15 nm. 
[0475] From the thus-obtained aqueous dispersion solution of spherical fine silica particles, a methanol dispersion 
solution of spherical fine silica particles having the density of 20% by weight was prepared according to a solvent sub- 
stitution method. 
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(Preparation of coating solution of low-refractive-index layer) 

[0476] To 500 g of the thus-obtained nnethanol dispersion solution of spherical fine silica particles, 5.0 g of silane 
coupling agent (KBM-503 (trade nanne), nnanufactured by Shin-Etsu Chennical Co., Ltd.) and 5.0 g of 0.1 N hydrochloric 
acid were added and stirred at a room tennperature for 5 hours, and then stored at a roonn tennperature for 5 days. Thus, 
a methanol dispersion solution of spherical fine silica particles subjected to silane coupling agent treatment, was 
obtained. 

[0477] To 1 81.5 g of the methanol dispersion solution of spherical fine silica particles subjected to silane coupling 
agent treatment, 7.43 g of dipentaerythritol hexaacrylate (DPHA (trade name), manufactured by Nippon Kayaku Co., 
Ltd.), 0.297 g of photopolymerization initiator (Irgacure 907 (trade name), manufactured by Ciba-Geigy Co.), 0.149 g of 
a photosensitizer (Kayacure DETX (trade name), manufactured by Nippon Kayaku Co., Ltd.), 300 g of methyl isobutyl 
ketone, and 300 g of 2-butanol were added and stirred. The thus-prepared mixture was filtrated through a 0.4 iim mesh 
polypropylene filter, to prepare a coating solution for low- refractive -index layer. 

(Production of anti-reflection film) 

[0478] The anti-reflection film was prepared under the environmental conditions, in which the number of dusts hav- 
ing a size of 0.3 ^im or more is 3 or less per m*^ of air. 

[0479] The above-described coating solution for low- refractive-index layer was applied on the hard coat layer pre- 
pared in Example 2-1 , with a bar coater, and the coated layer was dried at 60 °C, and irradiated with ultraviolet radiation 
for hardening, to form a low-refractive-index layer (thickness; 95nm). Thus, an anti -reflection film was prepared. 

(Evaluation of anti-reflection film) 

[0480] The thus-produced anti -reflection film was subjected to the same evaluation as in Example 2-1. The 
obtained results are shown in Table 3. 

[COMPARATIVE EXAMPLE 2-2] 

(Preparation of coating solution for low-refractive-index layer) 

[0481] To 138.1 g of the methanol dispersion solution of spherical fine silica particles subjected to silane coupling 
agent treatment, which had been prepared in Comparison Example 2-1, 13.35 g of dipentaerythritol hexaacrylate 
(DPHA (trade name), manufactured by Nippon Kayaku Co., Ltd.), 0.534 g of a photopolymerization initiator (Irgacure 
907 (trade name), manufactured by Ciba-Geigy Co.), 0.267 g of a photosensitizer (Kayacure DETX (trade name), man- 
ufactured by Nippon Kayaku Co., Ltd.), 300 g of methyl isobutyl ketone, and 300 g of 2-butanol were added and stirred. 
The thus-prepared mixture was filtrated through a 0.4 \im mesh polypropylene filter, to prepare a coating solution for 
low-refractive-index layer. 

(Production of anti-reflection film) 

[0482] The anti-reflection film was prepared under the environmental conditions, in which the number of dusts hav- 
ing a size of 0.3 |Lim or more is 3 or less per m*^ of air. 

[0483] The above-described coating solution for low- refractive-index layer was applied on the hard coat layer pre- 
pared in Example 2-1 , with a bar coater, dried at 60 °C, and irradiated with ultraviolet radiation for hardening, to form a 
low-refractive-index layer (thickness; 95nm). Thus, an anti-reflection film was prepared. 

(Evaluation of anti-reflection film) 

[0484] The thus-produced anti-reflection film was subjected to the same evaluation as in Example 2-1. The 
obtained results are shown in Table 3. 

[EXAMPLE 2-2] 

(Preparation of dispersion solution of short fibrous inorganic fine particles) 

[0485] From an aqueous dispersion solution of an commercially available short fibrous fine silica particles (SNOW- 
TEX PS-M (trade name), manufactured by Nissan Chemical Industries, Ltd.), a methanol dispersion solution of the 
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short fibrous fine silica particles, liaving the density of 20% by weight, was prepared according to a solvent substrtution 
nnethod. 

(Preparation of coating solution for low-refractive-index layer) 

[0486] To 500 g of the thus-prepared methanol dispersion solution of short fibrous fine silica particles, 5.0 g of 
silane coupling agent (KBN-503 (trade name), manufactured by Shin-Etsu Chemical Co., Ltd.) and 5.0 g of 0.1 N hydro- 
chloric acid were added and stirred at a room temperature for 5 hours, and then stored at a room temperature for 5 
days. Thus, a methanol dispersion solution of short fibrous fine silica particles subjected to silane coupling agent treat- 
ment, was prepared. 

[0487] To 138.1 g of the methanol dispersion solution of short fibrous fine silica particles subjected to silane cou- 
pling agent treatment, 13.35 g of dipentaerythritol hexaacrylate (DPHA (trade name), manufactured by Nippon Kayaku 
Co., Ltd.), 0.534 g of a photopolymerization initiator (Irgacure 907 (trade name), manufactured by Ciba-Geigy Co.), 
0.267 g of a photosensitizer (Kayacure DETX (trade name), manufactured by Nippon Kayaku Co., Ltd.), 300 g of methyl 
isobutyl ketone, and 300 g of 2-butanol were added and stirred. The thus-prepared mixture was filtrated through a 0.4 
jim mesh polypropylene filter, to prepare a coating solution for low -refractive -index layer. 

(Production of anti-reflection film) 

[0488] The anti-reflection film was prepared under the environmental conditions, in which the number of dusts hav- 
ing a size of 0.3 |Lim or more is 3 or less per m^ of air. 

[0489] The above-described coating solution for low-refractive-index layer was applied on the hard coating layer 

prepared in Example 2-1 , with a bar coater. The coated layer was dried at 60 °C, and irradiated with ultraviolet radiation 
for hardening, to form a low-refractive-index layer (thickness; 95nm). Thus, an anti -reflection film was prepared. 

(Evaluation of anti-reflection film) 

[0490] The thus-produced anti-reflection film was subjected to the same evaluation as in Example 2-1 . The results 
are shown in Table 3. 

[EXAMPLE 2-3] 

(Preparation of dispersion solution of inorganic fine particles for high-refractive-index layer) 

[0491 ] 20 weight parts of ATO (antimony-containing tin oxide, specific surface area: 95 m^/g, powder specific resist- 
ance: 2 cm), 6 weight parts of an commercially available anionic monomer (PM-21 (trade name), manufactured by 
Nippon Kayaku Co., Ltd.) and 74 weight parts of cyclohexanone were dispersed by means of a sandgrinder mill, to pre- 
pare a dispersion solution of ATO having the weight-mean diameter of 30 nm. 

(Preparation of coating solution for high-refractive-index layer) 

[0492] To 1 00.0 g of the thus-prepared dispersion solution of ATO, 31.1 g of dipentaerythritol hexaacrylate (DPHA, 
manufactured by Nippon Kayaku Co., Ltd.), 1 .670 g of a photopolymerization initiator (Irgacure 907 (trade name), man- 
ufactured by Ciba-Geigy Co.), 0.557 g of a photosensitizer (Kayacure DETX (trade name), manufactured by Nippon 
Kayaku Co., Ltd.), 76.0 g of methyl ethyl ketone were added and stirred. The thus-prepared mixture was filtrated 
through a 0.4 iiim mesh polypropylene filter, to prepare a coating solution for high-refractive-index layer. 

(Preparation of coating solution for low-refractive-index layer) 

[0493] To 500 g of a methanol dispersion solution of a commercially available short fibrous fine silica particles (MA- 
ST-UP (trade name), 20 wt% density, manufactured by Nissan Chemical Industries, Ltd.), 5.0 g of a silane coupling 
agent (KBM-503 (trade name), manufactured by Shin-Etsu Chemical Co., Ltd.) and 5.0 g of 0.1 N hydrochloric acid 
were added and stirred at a room temperature for 5 hours, and then stored at a room temperature for 5 days. Thus, a 
methanol dispersion solution of short fibrous fine silica particles subjected to silane coupling agent treatment, was 
obtained. 

[0494] To 138.1 g of the methanol dispersion solution of short fibrous fine silica particles subjected to silane cou- 
pling agent treatment, 13.35 g of dipentaerythritol hexaacrylate (DPHA (trade name), manufactured by Nippon Kayaku 
Co., Ltd.), 0.534 g of a photopolymerization initiator (Irgacure 907 (trade name), manufactured by Ciba-Geigy Co.), 
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0.267 g of a photosensitizer (Kayacure DETX (trade name), manufactured by Nippon Kayaku Co., Ltd.), 300 g of methyl 
isobutyl ketone, and 300 g of 2-butanol were added and stirred. The thus-prepared mixture was filtrated through a 0.4 
Jim mesh polypropylene filter to prepare a coating solution for low-refractive-index layer. 

(Preparation of coating solution for over coat layer) 

[0495] A thermal crosslinking fluorine-containing polymer (JN-7214 (trade name), manufactured by, JSR Co., Ltd.) 
was refined to remove low-molecular-weight ingredients thereof. The molecular weight of the thus-refined fluorine-con- 
taining polymer was a number-average molecular weight of 50,000 and a weight-average molecular weight of 70,000. 
[0496] To 50.0 g of a solution of the refined fluorine-containing polymer (density of solid content: 6% by weight, 
methyl isobutyl ketone solution), 1 10.6 g of methyl isobutyl ketone and 39.4 g of cyclohexanone were added and stirred. 
The resultant mixture was filtrated through a 0.4 jxm mesh polypropylene filter, to prepare a coating solution for over 
coat layer. 

(Production of anti-reflection film) 

[0497] The anti-reflection film was prepared under the environmental conditions, in which the number of dusts hav- 
ing a size of 0.3 ^im or more is 3 or less per m*^ of air. 

[0498] The above-described coating solution for high-refractive-index layer was coated on a triacetyl cellulose film 
having 80 |Lim thickness (TAC-TD80U (trade name), manufactured by Fuji Photo Film Co. Ltd.), with a barcoater. After 
being dried at 90 °C, the coated layer was irradiated with ultraviolet radiation to harden it. Thus, a high -refractive-index 
layer (refractive index 1 .59, thickness; 4 iim) was formed. 

[0499] The above-described coating solution for low-refractive-index layer was applied on the high -refractive- index 
layer, with a bar coater, and the coated layer was dried at 60 °C, and irradiated with ultraviolet radiation for hardening, 
to form a low- refractive-index layer (refractive index 1 .40, thickness; 75nm). The void ratio in the low-refractive-index 
layer was 17.4 %. 

[0500] The above-described coating solution for over coat layer was coated on the low- refractive-index layer, with 
a bar coater, so that a coating amount becomes 35 mg/m^ in terms of the solid content, and heated at 120 °C for 10 
minutes to form an overcoat layer. Thus, an anti-reflection film was produced. 

(Evaluation of anti-reflection film) 

[0501] The thus-produced anti-reflection film was evaluated in the same manner as in Example 2-1 , with respect to 
pointing defect, average reflectance, refractive index of low- refractive-index layer, void ratio in low-refractive-index layer, 
and pencil hardness. In addition to these, the following evaluations were carried out. The results are shown in Table 4. 
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(1) Evaluation of occupation ratio of voids in the low-refractive-index layer, owing to over coat layer materials 

[0502] Based on the shapes of spectral curves of spectral reflectance before and after coating the over coat layer, 
the variation of refraction before and after the coating was estinnated, to measure an occupation ratio of voids in the low- 
refractive-index layer, owing to over coat layer materials 

(2) Evaluation of wiping easiness of fingerprint 

[0503] Fingerprints were attached on the surface of an anti-reflection film. Then, a state at the time when they were 
wiped with a cleaning cloth was observed and evaluated according to the following three grades. 

A: Fingerprints were completely wiped off. 

B: Part of fingerprints were left without being wiped off. 

C: Substantially all fingerprints were left without being wiped off. 

(3) Evaluation of wiping easiness of marking-pen-ink 

[0504] An oil-based ink of a marking pen (ZEBRA macky (trade name), red) was attached on the surface of an anti- 
reflection film, and left for 30 minutes. Thereafter, a state at the time when the ink was wiped with a cleaning cloth, was 
observed and evaluated according to the following three grades. 

A: Marking-pen-ink was completely wiped off. 

B: Part of marking-pen-ink was left without being wiped off. 

C: Substantially all marking-pen-ink was left without being wiped off. 

(4) Evaluation of coefficient of dynamic friction 

[0505] The coefficient of dynamic friction was evaluated as an indication of the sliding property of the surface of an 
anti-reflection film. The dynamic friction was measured, after the anti-reflection film was subjected to humidification of 
a temperature of 25 and a relative humidity of 60% for 2 hours, by means of a dynamic friction meter (HEIDON-14) 
using a stainless steel ball having a diameter of 5 mm, under a load of 100 g, at a rate of 60 cm/min. 

(5) Evaluation of steel wool scratch -resistance 

[0506] #0000 steel wool under a loading condition of 500 g/cm^ was reciprocated 50 times. A state of scratch 
occurred after the treatment was observed and evaluated according to the following three grades. 

A: There was caused no scratch 

B: There were caused miner scratches, but they are hardly seen. 
C: There were caused scratches remarkably 

[COMPARATIVE EXAMPLES 2-3] 

(Preparation of coating solution for low-refractive-index layer) 

[0507] To 500 g of a methanol dispersion solution of a commercially available spherical fine silica particles (meth- 
anol silica sol, concentration: 30% by weight, manufactured by Nissan Chemical Industries, Ltd.), 7.5 g of a silane cou- 
pling agent (KBM-503 (trade name), manufactured by Shin-Etsu Chemical Co., Ltd.), 5.0 g of 0.1 N hydrochloric acid 
were added and stirred at a room temperature for 5 hours, and then stored at a room temperature for 5 days. Thus, a 
methanol dispersion solution of spherical fine silica particles subjected to silane coupling agent treatment, was pre- 
pared. 

[0508] To 121.0 g of the methanol dispersion solution of spherical fine silica particles subjected to silane coupling 
agent treatment, 7.43 g of dipentaerythritol hexaacrylate (DPHA (trade name), manufactured by Nippon Kayaku Co., 
Ltd.), 0.297 g of a photopolymerization initiator (Irgacure 907 (trade name), manufactured by Ciba-Geigy Co.), 0.149 g 
of a photosensitizer (Kayacure DETX (trade name), manufactured by Nippon Kayaku Co., Ltd.), 300 g of methyl isobutyl 
ketone, and 300 g of 2-butanol were added and stirred. The thus-prepared mixture was filtrated through a 0.4 jiim mesh 
polypropylene filter, to prepare a coating solution for low-refractive-index layer. 
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(Production of anti-reflection filnn) 

[0509] The anti-reflection film was prepared under the environmental conditions, in which the number of dusts hav- 
ing a size of 0.3 |Lim or more is 3 or less per m^ of air. 
5 [0510] The above-described coating solution for low-refractive-index layer was applied on the high-refractive-index 
layer prepared In Example 2-3, with a bar coater. After being dried at 60 °C, the coated layer was irradiated with ultra- 
violet radiation for hardening, to form a low- refractive-index layer (refractive index; 1 .40, thiclcness; 75nm). The void ratio 
in the low-refractive- index layer was 16.1 % by volume. 

[0511] The coating solution for over coat layer prepared in Example 2-3 was coated on the low-refractive-index 
10 layer, with a bar coater, so that a coating amount becomes 35 mg/m^ in terms of the solid, content, and heated at 120 
°C for 1 0 minutes, to form an over coat layer. Thus, an anti-reflection film was produced. 

(Evaluation of anti-reflection film) 

15 [0512] The thus-produced anti-reflection film was subjected to the same evaluation as in Example 2-3. The results 
are shown in Table 4. 

[EXAMPLE 2-4] 

20 (Production of anti-reflection film) 

[0513] The anti-reflection film was prepared under the environmental conditions, in which the number of dusts hav- 
ing a size of 0.3 iim or more is 3 or less per m^ of air. 

[0514] The coating solution for low- refractive-index layer prepared In Example 2-2 was applied on the high-refrac- 
25 tive-index layer prepared in Example 2-3, with a bar coater, dried at 60 °C, and irradiated with ultraviolet radiation for 
hardening, to form a low-refractive-index layer (refractive index; 1 .42, thickness; 75nm). The ratio of voids in the low- 
refractive-lndex layer was 15.0 % by volume. 

[0515] The coating solution for over coat layer prepared in Example 2-3 was coated on the low-refractive-index 
layer, with a bar coater, so that a coating amount becomes 35 mg/m^ in terms of the solid content, and heated at 120 
30 °C for 1 0 minutes, to form an over coat layer. Thus, an anti-reflection film was produced. 

(Evaluation of anti-reflection film) 

[0516] The thus-produced anti-reflection film was subjected to the same evaluation as in Example 2-3. The results 
35 are shown in Table 4. 

[EXAMPLE 2-5] 

(Preparation of dispersion solution of short fibrous inorganic fine particles) 

40 

[0517] A mixture of 30 parts by weight of a commercially available short fibrous tin oxide powder (FS-10P (trade 
name), manufactured by Ishlhara Sangyo Kaisha, Ltd.), 5 parts by weight of gelatin, and 65 parts by weight of pure 
water were dispersed by a sandgrinder mill, to prepare an aqueous dispersion solution of needie-iii<e tin oxide. 

45 (Preparation of coating solution for low-refractive-index layer) 

[0518] To 50 g of the above-described dispersion solution of needle-like tin oxide, 50 g of pure water, 2.5 g of for- 
malin aqueous solution (concentration 5% by weight), 1 50 g of ethanoi, and 1 50 g of diacetone alcohol were added and 
stirred. The resultant mixture was filtrated through a 0.4 iiim mesh polypropylene filter to prepare a coating solution for 

50 low-refractive-index layer. 

(Production of anti-reflection film) 

[0519] The anti-reflection film was prepared under the environmental conditions, where the number of dusts having 
55 a size of 0.3 |Lim or more is 3 or less per m^ of air. 

[0520] The above-described coating solution for low-refractive-index layer was applied on the high-refractive-index 

layer prepared in Example 2-3, with a bar coater. After being dried at 60 °C, the coated layer was irradiated with ultra- 
violet radiation for hardening, to form a low-refractive-index layer (refractive index; 1 .50, thickness; 75nm). The void ratio 
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in the low-refractive-index layer was 36.1 % by volume. 

[0521] The above-described coating solution for over coat layer was coated on the low-refractive-index layer, with 
a bar coater, so that a coating annount beconnes 35 nng/nn^ in ternns of the solid content, and heated at 120 °C for 10 
minutes to form an overcoat layer. Thus, an anti-reflection film was produced. 

5 

(Evaluation of anti-reflection film) 

[0522] The thus-produced anti -reflection film was subjected to the same evaluation as in Example 2-3. The results 
are shown in Table 4. 

10 

[EXAMPLE 2-6] 

(Preparation of dispersion solution of inorganic fine particles for high-refractive-index layer) 

15 [0523] 20 parts by weight of ITO (tin-containing indium oxide, specific surface area: 40 m^/g, powder specific resist- 
ance: 1 Q. • cm), 6 parts by weight of a commercially available anionic monomer (PM-21 (trade name), manufactured by 
Nippon Kayaku Co., Ltd.) and 74 parts by weight of cyclohexanone were dispersed by means of a sandgrinder mill, to 
prepare a dispersion solution of ITO having the weight-mean size of 35 nm. 

20 (Preparation of coating solution for high -refractive-index layer) 

[0524] To the above-described dispersion solution of ITO, 31.1 g of dipentaerythritol hexaacrylate (DPHA (trade 

name), manufactured by Nippon Kayal<u Co., Ltd.), 1.670 g of a photopolymerization initiator (Irgacure 907 (trade 
name), manufactured by Clba-Gelgy Co.), 0.557 g of a photosensitizer (Kayacure DETX (trade name), manufactured 
25 by Nippon Kayaku Co., Ltd.), 76.0 g of methyl ethyl ketone were added and stirred. The thus-prepared mixture was fil- 
trated through a 0.4 |Lim mesh polypropylene filter, to prepare a coating solution for high -refractive-index layer. 

(Production of anti-reflection film) 

30 [0525] The anti-reflection film was prepared under the environmental conditions, in which the number of dusts hav- 
ing a size of 0.3 ^im or more is 3 or less per m^ of air. 

[0526] The above-described coating solution for high-refractive-index layer was coated on a triacetyl cellulose film 
having 80 |Lim thickness (TAC-TD80U (trade name), manufactured by Fuji Photo Film Co. Ltd.), with a bar coater. After 
being dried at 90 °C, the coated layer was irradiated with ultraviolet radiation for hardening. Thus, a high-refractive-index 
35 layer (refractive index; 1 .59, thickness; 4 |Lim) was formed. 

[0527] The coating solution for low-refractive-index layer prepared in Example 2-3 was applied on the high-refrac- 
tive-index layer, with a bar coater, dried at 60 °C, and irradiated with ultraviolet radiation for hardening, to form a low- 
refractive -index layer (refractive index; 1 .40, thickness; 75nm). The void ratio in the low-refractive-index layer was 
17.2% by volume. 

40 [0528] The coating solution for over coat layer prepared in Example 2-3 was coated on the low-refractive-index 
layer, with a bar coater, so that a coating amount becomes 35 mg/m^ in terms of the solid content, and heated at 120 
°C for 10 minutes to form an over coat layer. Thus, an anti-reflection film was produced. 

(Evaluation of anti-reflection film) 

45 

[0529] The thus-produced anti-reflection film was subjected to the same evaluation as in Example 2-3. The results 
are shown in Table 4. 

[EXAMPLE 2-7] 

50 

(Preparation of dispersion solution of inorganic fine particles for high-refractive-index layer) 

[0530] 30.0 parts by weight of titanium dioxide (weight-average size of primary particles: 30 nm), 4.5 parts by 
weight of a commercially available anionic monomer (PM-21 (trade name), manufactured by Nippon Kayaku Co., Ltd.), 
55 0.3 parts by weight of a commercially available cationic monomer (DMAEA (trade name), manufactured by Kohjin Co., 
Ltd.) and 65.2 parts by weight of cyclohexanone were dispersed by means of a sandgrinder mill, to prepare a dispersion 
solution of titanium dioxide having the weight-mean diameter of 53 nm. 
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(Preparation of coating solution for liigh-refractive-index layer) 

[0531] To 15.0 g of the above-described dispersion solution of titanium dioxide, 4.44 g of dipentaerythritol iiexaacr- 
ylate (DPHA, manufactured by Nippon Kayaku Co., Ltd.), 0.232 g of a photo polymerization initiator (Irgacure 907 (trade 
5 name), manufactured by Ciba-Geigy Co.), 0.078 g of a photosensitizer (Kayacure DETX (trade name), manufactured 
by Nippon Kayaku Co., Ltd.), 350 g of methyl ethyl ketone, and 350 g of cyclohexanone were added and stirred. The 
thus-prepared mixture was filtrated through a 0.4 |Lim mesh polypropylene filter, to prepare a coating solution for high- 
refractive-index layer. 

10 (Preparation of coating solution for over coat layer) 

[0532] To 50.0 g of a thermal cross-linking fluorine-containing polymer (TN-020C (trade name), density of solid con- 
tent: 6% by weight, methyl isobutyl ketone solution, manufactured by JSR Co., Ltd.), 1 10.6 g of methyl isobutyl ketone, 
and 39.4 g of cyclohexanone were added and stired. The thus-prepared mixture was filtrated through a 0.4 |xm mesh 
15 polypropylene filter to prepare a coating solution for over coat layer. 

(Production of anti-reflection film) 

[0533] The a nti- reflection film was prepared under the environmental conditions, in which the number of dusts hav- 

20 ing a size of 0.3 |Lim or more is 3 or less per m^ of air. 

[0534] The above-described coating solution for high -refractive-index layer was coated on the hard coat layer pre- 
pared in Example 2-1 , with a bar coater. After being dried at 60 °C, the coated layer was irradiated with ultraviolet radi- 
ation for hardening. Thus, a high-refractive-index layer (refractive index; 1 .75, film thickness; 60 nm) was formed. 
[0535] The above-described coating solution for low- refractive-index layer prepared in Example 2-3 was applied on 

25 the high-refractive-index layer, with a bar coater, dried at 60 °C, and irradiated with ultraviolet radiation for hardening, to 
form a low- refractive -index layer (refractive index; 1 .40, thickness; 80nm). The void ratio in the low- refractive -index layer 
was 1 7.2% by volume. 

[0536] The above-described coating solution for over coat layer was coated on the low- refractive -index layer, with 
a bar coater, so that a coating amount becomes 35 mg/m^ in terms of the solid content, and heated at 120 °C for 10 
30 minutes, to form an over coating layer. Thus, an anti-reflection film was produced. 

(Evaluation of anti-reflection film) 

[0537] The thus-produced a nti -reflect! on film was subjected to the same evaluation as in Example 2-3. The results 
35 are shown in Table 5. 



40 



45 



50 



55 



63 



EP 1 089 093 A2 



15 



20 



25 



c 



to 

c 

*w 

LU 



! 

(TS 

E 



c 
T 
c 

0) 
Q. 



I 1 

& ^ It 

d) (i> o 

c - 

iz: o 



o 
o 

C/5 



o 



o 



u 
c 
a> 

CL 



CO 
0) 

c 



E 

CD 

> 



^ 1 



35 



C 

o 
a 

3 
O 

o 
O 



o 
o 

> 
o 



£ 

d) 

CO 



E 

_3 
O 
> 

-Q 



0) 

u 



o 



« i ^ 



45 



50 



LO 

j2 



CO 



O 
O 



CO 
00 



o 



11 

O uj 



GO 



CD 



CO 



X 

CO 



X 



O 
CM 



CO 

o 



OsJ 

lb 



CO 
to 



o 



lO 
00 



CO 

o 



00 

I 

CM 

E 
ro 

X 

UJ 



I 

CM 

CL 

E 

CO 
X 

UJ 



I 

CM 
_4) 
CL 

E 

03 
X 

UJ 



55 



64 



EP 1 089 093 A2 



[COMPARATIVE EXAMPLE 2-4] 

(Production of anti-reflection film) 

[0538] The anti-reflection filnn was prepared under the environmental conditions, in which the number of dusts hav- 
ing a size of 0.3 jiim or more Is 3 or less per m^ of air. 

[0539] The coating solution for low-refractive-index layer prepared in Comparative Example 2-3 was coated on the 
high -refractive-index layer prepared in Example 2-7, with a bar coater. After being dried at 60 °C, the coated layer was 
Irradiated with ultraviolet radiation for hardening, to form a low-refractlve-index layer (refractive index 1.40; thickness; 
80nm). The void ratio in the low-refractive-index layer was 16.3 % by volume. 

[0540] The coating solution for over coat layer prepared in Example 2-7 was coated on the low-refractive-index 
layer, with a bar coater, so that a coating amount becomes 35 mg/m^ in terms of the solid content, and heated at 120 
°C for 1 0 minutes, to form an over coat layer. Thus, an anti-reflection film was produced. 

(Evaluation of anti-reflection film) 

[0541] The thus-produced anti-reflection film was subjected to the same evaluation as in Example 2-3. The results 
are shown in Table 5. 

[EXAMPLE 2-8] 

(Preparation of coating solution for over coat layer) 

[0542] To 50.0 g of an ultraviolet cross-linking fluorine-containing polymer (TN-01 1 (trade name), density of solid 
content: 6% by weight, methyl isobutyl ketone solution, manufactured by JSR Co., Ltd.), 110.6 g of methyl isobutyl 
ketone, and 39.4 g of cyclohexanone were added and stirred. The thus-prepared mixture was filtrated through a 0.4 |Lim 
mesh polypropylene filter, to prepare a coating solution for over coat layer. 

(Production of anti-reflection film) 

[0543] The anti-reflection film was prepared under the environmental conditions, in which the number of dusts hav- 
ing a size of 0.3 mm or more is 3 or less per m^ of air. 

[0544] The above-described coating solution for over coat layer was coated on the low-refractive-index layer pre- 
pared in Example 2-7, with a bar coater, so that a coating amount becomes 35 mg/m^ in terms of the solid content. After 
being dried at 60 °C, the coated layer was hardened by irradiation with ultraviolet radiation, to form an overcoating layer. 
Thus, an anti -reflection film was produced. 

(Evaluation of anti-reflection film) 

[0545] The thus-produced anti-reflection film was subjected to the same evaluation as in Example 2-3. The results 
are shown in Table 5. 

[EXAMPLE 2-9] 

(Preparation of coating solution for over coat layer) 

[0546] To 3.0 g of a commercially available fluorine-containing polymer having the weight-average molecular weight 
of 200,000 (SAITOP CTX-809A (trade name), manufactured by Asahi Glass Co., Ltd.), 1 97.0 g of a commercially avail- 
able fluorine-based solvent (FRORINATO FC77 (trade name), manufactured by Sumitomo 3M Ltd.), was added and 
stirred. The thus-prepared mixture was filtrated through a 0.4 |am mesh polypropylene filter, to prepare a coating solu- 
tion for over coating layer. 

(Production of anti-reflection film) 

[0547] The anti -reflection film was prepared under the environmental conditions, in which the number of dusts hav- 
ing a size of 0.3 |Lim or more Is 3 or less per m^ of air. 

[0548] The above-described coating solution for over coat layer was coated on the low-refractive-index layer pre- 
pared in Example 2-7, with a bar coater, so that a coating amount becomes 36 mg/m^ in terms of the solid content, and 
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heated at 120 °C for 10 minute, to form an over coating layer. Thus, an anti-reflection film was produced. 

(Evaluation of anti-reflection film) 

[0549] The thus-produced anti -reflection film was subjected to the same evaluation as in Example 2-3. The results 
are shown in Table 5. 

[EXAMPLE 2-10] 

(Preparation of coating solution for over coat layer) 

[0550] To 1 .0 g of a fluorine-containing silane coupling agent (KP-801 M (trade name), manufactured by Shin-Etsu 
Chemical Co., Ltd.), 330 g of a commercially available fluorine-based solvent (FRORINATO FC77 (trade name), man- 
ufactured by Sumitomo 3M Ltd.) was added and stirred. The thus-prepared mixture was filtrated through a 0.4 |Lim mesh 
polypropylene filter, to prepare a coating solution for over coat layer. 

(Production of anti-reflection film) 

[0551] The anti-reflection film was prepared under the environmental conditions, in which the number of dusts hav- 
ing a size of 0.3 |j.m or more is 3 or less per of air. 

[0552] The coating solution for low- refractive-index layer prepared in Example 2-3 was coated on the high-refrac- 
tive-index layer prepared in Example 2-7, with a bar coater. After dried at 60 °C, the coated layer was irradiated with 
ultraviolet radiation for hardening, to form a low- refractive -index layer (refractive index 1.40, thickness; 100 nm). The 
void ratio in the low-refractive-index layer was 17.1% by volume. 

[0553] The above-described coating solution for over coat layer was coated on the low- refractive-index layer, with 
a bar coater, so that a coating amount becomes 5 mg/m^ in terms of the solid content, and heated at 1 20 °C for 30 min- 
utes, to form an over coat layer. Thus, an anti-reflection film was produced. 

(Evaluation of anti-reflection film) 

[0554] The thus-produced anti -reflection film was subjected to the same evaluation as in Example 2-3. The results 
are shown in Table 5. 

[EXAMPLE 2-11] 

(Preparation of coating solution for middle-refractive-index layer) 

[0555] To 49.60 g of the dispersion solution of titanium dioxide prepared in Example 2-7, 18.08 g of dipentaerythritol 
hexaacrylate (DPHA, manufactured by Nippon Kayaku Co., Ltd.), 0.920 g of a photopolymerization initiator (Irgacure 
907 (trade name), manufactured by Ciba-Geigy Co.), 0.307 g of a photosensitize r (Kayacure DETX (trade name), man- 
ufactured by Nippon Kayaku Co., Ltd.), 230.0 g of methyl ethyl ketone, and 500 g of cyclohexanone were added and 
stirred. The thus-prepared mixture was filtrated through a 0.4 ixm mesh polypropylene filter, to prepare a coating solu- 
tion for middle-refractive-index layer. 

(Preparation of coating solution for high-refractive-index layer) 

[0556] To 1 1 0.0 g of the dispersion solution of titanium dioxide prepared in Example 2-7, 6.29 g of dipentaerythritol 
hexaacrylate (DPHA, manufactured by Nippon Kayaku Co., Ltd.), 0.520 g of a photopolymerization initiator (Irgacure 
907 (trade name), manufactured by Ciba-Geigy Co.), 0.173 g of a photosensitizer (Kayacure DETX (trade name), man- 
ufactured by Nippon Kayaku Co., Ltd.), 230.0 g of methyl ethyl ketone, and 460.0 g of cyclohexanone were added and 
stirred. The thus-prepared mixture was filtrated through a 0.4 iim mesh polypropylene filter, to prepare a coating solu- 
tion for high-refractive-index layer. 

(Production of anti-reflection film) 

[0557] The anti-reflection film was prepared under the environmental conditions, in which the number of dusts hav- 
ing a size of 0.3 |Lim or more is 3 or less per m^ of air. 

[0558] The above-described coating solution for mid die- refractive- index layer was coated on the hard coat layer 
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prepared in Example 2-1 , with a bar coater, dried at 60 °C, and irradiated with ultraviolet radiation for hardening, to form 
a middle-refractive-index layer (refractive index; 1 .70, film thickness; 70 nm). 

[0559] The above-described coating solution for high -refractive-index layer was coated on the middle-refractive- 
index layer, with a bar coater, dried at 60 °C, and irradiated with ultraviolet radiation for hardening, to form a high-refrac- 
5 tive-index layer (refractive index; 1 .95, film thickness; 50 nm). 

[0560] The coating solution for low-refractive-lndex layer prepared in Example 2-3 was coated on the high-refrac- 
tive-index layer, with a bar coater, dried at 60 °C, and irradiated with ultraviolet radiation for hardening, to form a low- 
refractive-index layer (refractive index; 1.40, thickness; 75 nm). The void ratio in the low- refractive -index layer was 
1 7.2% by volume. 

10 [0561] The coating solution for over coat layer prepared in Example 2-7 was coated on the low-refractive-index 
layer, with a bar coater, so that a coating amount becomes 35 mg/m^ in terms of the solid content, and heated at 120 
°C for 1 0 minutes to form an over coat layer. Thus, an anti-reflection film was produced. 

(Evaluation of anti-reflection film) 

15 

[0562] The thus-produced anti -reflection film was subjected to the same evaluation as in Example 2-3. The results 
are shown in Table 6. 
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[COMPARATIVE EXAMPLE 2-5] 

(Production of anti-reflection filnn) 

5 [0563] The anti- reflection filnn was prepared under the environnnental conditions that the nunnber of dusts having a 
size of 0.3 |Lim or more Is 3 or less per of air. 

[0564] The coating solution for low-refractive-index layer prepared in Comparative Example 2-3 was coated on the 
high -refractive-index layer prepared in Example 2-1 1 , with a bar coater. After being dried at 60 °C, the coated layer was 
Irradiated with ultraviolet radiation for hardening, to form a low-refractive-index layer (refractive index 1.40, thickness; 
10 75 nm). The void ratio in the low-refractive-index layer was 1 6.4% by volume. 

[0565] The coating solution for over coat layer prepared in Example 2-7 was coated on the low-refractive-index 
layer, with a bar coater, so that a coating amount becomes 35 mg/m^ in terms of the solid content, and heated at 120 
°C for 1 0 minutes, to form an over coat layer. Thus, an anti-reflection film was produced. 

15 (Evaluation of anti-reflection film) 

[0566] The thus-produced anti-reflection film was subjected to the same evaluation as in Example 2-3. The results 
are shown in Table 6. 

20 [EXAMPLE 2-12] 

(Preparation of coating solution for over coat layer) 

[0567] To 50.0 g of a thermally crosslinklng fluorine-containing polymer (JN-7214 (trade name), density of solid 
25 content: 6% by weight, methyl isobutyl ketone solution, manufactured by JSR Co., Ltd.), 110.6 g of methyl isobutyl 
ketone, and 39.4 g of cyclohexanone were added and stirred. The thus-prepared mixture was filtrated through a 0.4 |Lim 
mesh polypropylene filter, to prepare a coating solution for over coat layer. 

(Production of anti-reflection film) 

30 

[0568] The anti-reflection film was prepared under the environmental conditions, in which the number of dusts hav- 
ing a size of 0.3 mm or more Is 3 or less per m^ of air. 

[0569] The above-described coating solution for over coat layer was coated on the low- refractive -index layer pre- 
pared in Example 2-11, with a bar coater, so that a coating amount becomes 35 mg/m^ in terms of the solid content, 
35 and heated at 120 °C, for 10 minutes, to form an overcoat layer. Thus, an anti-reflection film was produced. 

(Evaluation of anti -reflection film) 

[0570] The thus-produced anti-reflection film was subjected to the same evaluation as in Example 2-3. The results 
40 are shown in Table 6. 

[EXAMPLE 2-13] 

(Production of anti-reflection film) 

45 

[0571] The anti-reflection film was prepared under the environmental conditions, in which the number of dusts hav- 
ing a size of 0.3 um or more is 3 or less per m^ of air. 

[0572] The coating solution for low-refractive-index layer prepared in Example 2-2 was coated on the high-refrac- 
tive-index layer prepared in Example 2-1 1 , with a bar coater, dried at 60 °C, and Irradiated with ultraviolet radiation for 
50 hardening, to form a low-refractive-index layer (refractive index; 1 .42, thickness; 75 nm). The void ratio in the low-refrac- 
tive-index layer was 1 5.2% by volume. 

[0573] The coating solution for over coat layer prepared in Example 2-7 was coated on the low-refractive-index 
layer, with a bar coater, so that a coating amount becomes 35 mg/m^ in terms of the solid content, and heated at 120 
°C for 1 0 minutes, to form an over coating layer. Thus, an anti-reflection film was produced. 

55 

(Evaluation of anti-reflection film) 

[0574] The thus-produced anti-reflection film was subjected to the same evaluation as in Example 2-3. The results 
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are shown in Table 6. 

[EXAMPLE 2-14] 

(Production of a nti- reflection filnn) 

[0575] The a nti -reflect] on film was prepared under the envlronnnental conditions, in which the nunnber of dusts hav- 
ing a size of 0.3 ^im or more is 3 or less per m^ of air. 

[0576] The coating solution for over coat layer prepared in Example 2-8 was coated on the low-refractive-index 

layer prepared in Example 2-1 1 , with a bar coater, so that a coating amount becomes 35 mg/m^ in terms of the solid 
content. After being dried at 60 °C, the coated layer was irradiated with ultraviolet radiation for hardening, to form an 
over coat layer. Thus, an anti-reflection film was produced. 

(Evaluation of anti-reflection film) 

[0577] The thus-produced anti-reflection film was subjected to the same evaluation as in Example 2-3. The results 
are shown in Table 6. 

[EXAMPLE 2-15] 

(Preparation of coating solution for over coat layer) 

[0578] The following fluorine-containing polymer was synthesized. 

Fluorine-containing polymer 



[0580] The molecular weight of the fluorine-containing polymers was a number-average molecular weight of 25,000 
and a weight-average molecular weight of 40,000. 



[0579] 




COO-CH3 

w:x:y:z»50:30:5:15, n:50 
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[0581] To 3.0 g of fluorine-containing polynner powder, 157.6 g of nnethyl isobutyl ketone, and 39.4 g of cyclohex- 
anone were added and stirred. The thus-prepared mixture was filtrated through a 0.4 [im mesh polypropylene filter, to 
prepare a coating solution for over coat layer. 

(Production of anti-reflection film) 

[0582] The a nti -reflection film was prepared under the environmental conditions, in which the number of dusts hav- 
ing a size of 0.3 iiim or more is 3 or less per m^ of air. 

[0583] The above-described coating solution for over coat layer was coated on the low- refractive-index layer pre- 
pared in Example 2-1 1 , with a bar coater, so that a coating amount becomes 35 mg/m^ in terms of the solid content, 
and heated at 120 °C for 10 minutes, to form an over coating layer. Thus, an anti-reflection film was produced. 

(Evaluation of anti-reflection film) 

[0584] The thus-produced anti-reflection film was subjected to the same evaluation as in Example 2-3. The results 
are shown in Table 6. 

[EXAMPLE 2-16] 

(Production of anti-reflection film) 

[0585] The anti-reflection film was prepared under the environmental conditions, in which the number of dusts hav- 
ing a size of 0.3 |Lim or more is 3 or less per m^ of air. 

[0586] The coating solution for over coat layer prepared in Example 2-9 was coated on the low-refractive- index 
layer prepared in Example 2-1 1 , with a bar coater, so that a coating amount becomes 35 mg/m^ in terms of the solid 
content, and heated at 120 °C for 10 minutes, to form an over coat layer. Thus, an anti-reflection film was produced. 

(Evaluation of anti-reflection film) 

[0587] The thus-produced anti-reflection film was subjected to the same evaluation as in Example 2-3. The results 
are shown in Table 6. 

Examples related to Embodiment 3 

(Preparation of a coating solution for a hard coat layer) 

[0588] 250 g of a mixture of dipentaerythritol pentaacrylate and dipentaerythritol hexaacrylate (DPHA (trade 
name), made by Nippon Kayaku Co., Ltd.) was dissolved in 439 g of a mixture solvent of methyl ethyl ketone and 
cyclohexanone (50/50 by weight%). To the resultant solution was added a solution wherein 7.5 g of a photopolymeriza- 
tion initiator (Irgacure 907 (trade name), made by Chiba Geigy Co.) and 5.0 g of a photosensitizer (Kayacure DETX 
(trade name), made by Nippon Kayaku Co., Ltd.) were dissolved in 49 g of methyl ethyl ketone. When this solution was 
applied and hardened by ultraviolet rays to obtain a film, the refractive index thereof was 1 .53. 

[0589] This solution was filtrated with a filter made of polypropylene and having pores of 30 jim in diameter, to pre- 
pare a coating solution for a hard coat layer. 

(Preparation of a titanium dioxide fine particle dispersion) 

[0590] The following were dispersed in a sand grinder mill to prepare a dispersion of titanium dioxide: 30.0 parts by 

weight of titanium dioxide (weight-average particle size of primary particles: 50 nm, and refractive index: 2.70); 4.5 parts 
by weight of an anionic diacrylate monomer (trade name; PM21 , made by Nippon Kayaku Co., Ltd.); 0.3 part by weight 
of a catlonic methacrylate monomer (DMAEA (trade name), made by Kohjin Co., Ltd.); and 65.2 parts by weight of 
methyl ethyl hexanone. 

(Preparation of a coating solution for a middle-refractive-index layer) 

[0591] The following were dissolved in 151 .9 g of cyclohexanone and 37.0 g of methyl ethyl ketone: 0.14 g of a pho- 

topolymerization initiator (Irgacure 907 (trade name), made by Chiba Gelgy Co.) and 0.04 g of a photosensitizer (Kay- 
acure DETX (trade name), made by Nippon Kayaku Co., Ltd.). Further, to this solution were added 6.1 g of the above- 
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mentioned titanium dioxide dispersion and 2.4 g of a mixture of dipentaerythritol pentaacrylate and dipentaerythritol 
hexaacrylate (DPHA (trade name), made by Nippon Kayaku Co., Ltd.), and then the resultant was stin'ed at room tem- 
perature for 30 minutes. The mixture was filtrated with a filter made of polypropylene and having pores of 1 |Lim in diam- 
eter, to prepare a coating solution for a middle- refractive-index layer. 

(Preparation of a coating solution for a high-refractlve-index layer) 

[0592] The following were dissolved in 1 152.8 g of cyclohexanone and 37.2 g of methyl ethyl ketone: 0.06 g of a 
photopolymerization initiator (Irgacure 907 (trade name), made by Chiba Geigy Co.) and 0.02 g of a photosensitizer 
(Kayacure DETX (trade name), made by Nippon Kayaku Co., Ltd.). Further, to this solution were added 13.13 g of the 
above-mentioned titanium dioxide dispersion and 0.76 g of a mixture of dipentaerythritol pentaacrylate and dipentaer- 
ythritol hexaacrylate (DPHA (trade name), made by Nippon Kayaku Co., Ltd.), and then the resultant was stirred at 
room temperature for 30 minutes. Thereafter, the mixture was filtrated with a filter, which was made of polypropylene 
and had pores of 1 |iim in diameter, to prepare a coating solution for a high -refractive-index layer. 

(Preparation of a coating solution for a low-refractive-index layer) 

[0593] To 200 g of a methanol dispersion solution of silica fine particles (R507 (trade name), made by Nissan 
Chemical industries, Ltd.) were added 10 g of a silane coupling agent (KBN-803 (trade name), made by Shin-Etsu Sil- 
icone Co., Ltd.) and 2 g of 0.1 N hydrochloric acid, and then the resultant mixture was stirred at room temperature for 5 
hours. The mixture was allowed to stand at room temperature for 4 days to prepare a dispersion of silica fine particles 
treated with the silane coupling agent. 

[0594] To 149 g of the silica fine particle dispersion were added 789 g of isopropyl alcohol and 450 g of methanol. 
To this solution was added a solution wherein 3.21 g of a photopolymerization initiator (Irgacure 907 (trade name), 
made by Chiba Geigy Co.) and 1.605 g of a photosensitizer (Kayacure DETX (trade name), made by Nippon Kayaku 
Co., Ltd.) were dissolved in 31 .62 g of isopropyl alcohol, and further to this solution was added a solution wherein 2.1 7 
g of a mixture of dipentaerythritol pentaacrylate and dipentaerythritol hexaacrylate (DPHA (trade name), made by Nip- 
pon Kayaku Co., Ltd.) were dissolved in 78.13 g of isopropyl alcohol. The mixture was stirred at room temperature for 
20 minutes, and was then filtered with a filter with 1 jiim mesh, to prepare a coating solution for a low-refractive-index 
layer. 

(Preparation of a coating solution for an over coat layer A) 

[0595] Methyl isobutyl ketone was added to a solution of a thermally crosslinking fluorine-containing polymer (JN- 
7219 (trade name), made by JSR Co., Ltd.) to make the concentration of the polymer to 1 .0% by weight. The solution 
was filtered with 1 jim mesh to prepare a coating solution for an over coat layer A. 

(Preparation of a coating solution for an over coat layer B) 

[0596] Low molecular weight components were removed from the solution of the thermally crosslinking fluorine- 
containing polymer (JN-7219 (trade name), made by JSR Co., Ltd.). The weight-average molecular weight of the result- 
ant fluorine-containing polymer was 70,000. 

[0597] Methyl isobutyl ketone was added to this fluorine-containing polymer to make the concentration of the poly- 
mer to 1 .0% by weight. This solution was filtered with 1 |Lim mesh to prepare a coating solution for an over coat layer B. 

(Preparation of a coating solution for an alignment layer) 

[0598] To 30 g of a linear alkyl-modified polyvinyl alcohol (MP-203 (trade name), manufactured by Kuraray Co.) 

were added 130 g of water and 40 g of methanol. The mixture was stirred for dissolving the resin, and then filtered 
through a filter made of polypropylene having a pore diameter of 30 |Lim, to prepare a coating solution for an alignment 
layer. 

(Preparation of a coating solution for an optical anisotropic layer A) 

[0599] In 3.65 g of methyl ethyl ketone were dissolved 1 .6 g of the aforesaid Compound No. TE-8 (R: (8), m=4) as 
a liquid crystalline discotic compound, 0.4 g of phenoxydiethyleneglycol acrylate (M-101 (trade name), manufactured 

by Toagosei Co., Ltd.), 0.05 g of cellulose acetate butyrate (CAB531 -1 (trade name), manufactured by Eastman Chem- 
ical Inc.) and 0.01 g of a photopolymerization initiator (Irgacure 907 (trade name), manufactured by Ciba-Geigy Co.). 
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The resultant solution was filtered through a filter, which was made of polypropylene and had a pore diameter of 1 |Lim, 
to prepare a coating solution for an optical anisotropic layer A. 

(Preparation of a coating solution for an optical anisotropic layer B] 

[0600] In 3.43 g of methyl ethyl ketone were dissolved 1 .8 g of the aforesaid Compound No. TE-8 (R: (8), m=4) as 
a liquid crystalline discotic compound, 0.2 g of ethylene glycol-modified trimethylolpropane triacrylate (V#360 (trade 
name), manufactured by Osal<a Organic Chemical Ind.)), 0.04 g of cellulose acetate butyrate (CAB531-1 (trade name), 
manufactured by Eastman Chemical Inc.), 0.06 g of a photopolymerization initiator (Irgacure 907 (trade name), manu- 
factured by Ciba-Geigy Co.) and 0.02 g of a photosensitizer (Kayacure-DETX (trade name), manufactured by Nihon 
Kayaku KK). The resultant solution was filtered through a filter made of polypropylene having a pore diameter of 1 jiim, 
to prepare a coating solution for an optical anisotropic layer B. 

(Preparation of a coating solution for an optical anisotropic layer C) 

[0601] In 7.2 g of methyl ethyl ketone was dissolved 1.8 g of the aforesaid Compound No. TE-8 (R: (3)), and the 
solution was filtered through a filter that was made of polypropylene and had a pore diameter of 1 iiim, to prepare a coat- 
ing solution for an optical anisotropic layer C. 

[EXAMPLE 3-1] 

(Preparation of an anti-reflection film) 

[0602] The aforesaid coating solution for a hard coat layer was coated onto a triacetylcellulose film (manufactured 
by Fuji Photo Film Co., Ltd.) having a thickness of 80 |Lim by the aid of a bar coater. Thereafter, the film was dried at 120 
°C and then irradiated with UV-rays at an irradiation dose of 300 mJ/cm^ and an illuminance of 400 mW/cm^ using a 
160 W/cm air-cooled metal halide lamp (manufactured by Eye Graphics Co., Ltd.), to cure the coated layer, to form a 
hard coat layer having a thickness of 6 |Lim. 

[0603] Next, the aforesaid coating liquid for a low-refractive-index layer was coated onto the hard coat layer by the 
aid of a bar coater, dried at 80 °C, and heated at 120 °C for 10 minutes to effect thermal crosslinking, to form a low- 
refractive-index layer having a thickness of 0.096 |xm, thereby manufacturing a film having an anti-reflection film. 

(Preparation of an optical compensative film) 

[0604] The aforesaid coating solution for an alignment layer was coated onto a triacetylcellulose film (manufactured 

by Fuji Photo Film Co., Ltd.), which had a subbing layer of a gelatin thin film (0.1 |Lim) and had a thickness of 120 |Lim, 
by the aid of a bar coater, and dried at 60 °C. The coated layer was subjected to a rubbing treatment, to form an align- 
ment layer having a thickness of 0.5 |Lim on the film. 

[0605] The thickness of the triacetylcellulose film provided with the alignment layer was measured by a micrometer, 
and retardation from various directions was measured by way of an ellipsometer (AEP-100 (trade name), manufactured 
by Shimadzu Co.), to determine the aforesaid Inx-nyl x d and {(nx-hny)/2-nz} x d . As result, Inx-nyl x d was 3 nm and 
{(nx+ny)/2-nz} x d was 60 nm. Namely, this triacetylcellulose film was approximately a negative uniaxial film, and its 
light axis was nearly a direction to the normal line of the film. 

[0606] The aforesaid coating solution for an optical anisotropic layer A was coated onto the alignment layer, by the 
aid of a bar coater, dried at 1 20 °C, then heated for further 3 minutes to effect aging of the liquid crystal thereby aligning 
the discotic compound. Thereafter, the layer was irradiated with UV-rays at an irradiation dose of 300 mJ/cm^ and an 
illuminance of 400 mW/cm^ using a 160 W/cm air-cooled metal halide lamp (manufactured by EYE Graphics Co., Ltd.), 
while maintaining the temperature at 120 °C, to cure the coated layer to form an optical anisotropic layer having a thick- 
ness of 1.8 ^m, thereby manufacturing an optical compensative film. 

(Preparation of a polarizing plate) 

[0607] The aforesaid anti-reflection film and the optical compensative film were subjected to a saponifying treat- 
ment with an aqueous solution of 1 .5 N NaOH. A polarizing layer comprised of iodine-doped stretched polyvinyl alcohol, 
was put between the anti- reflection film and the optical compensative film on the side of their triacetylcellulose surface 
and adhered, to prepare a polarizing plate of Example 3-1. 
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[EXAMPLE 3-2] 

[0608] The above-mentioned coating solution for an over coat layer A was applied onto the low-refractive- index 
layer of Exannple 3-1 , with a bar coater. The applied layer was dried at 120 °C to form an over coat layer. In this way, a 
5 filnn having an anti-reflection filnn was formed. 

[0609] A polarizing plate of Example 3-2 was produced in the same manner as Example 3-1 , except that this anti- 
reflection film was used. 

[EXAMPLE 3-3] 

10 

[0610] The aforesaid coating liquid for a hard coat layer was coated onto a triacetylcellulose film (manufactured by 
Fuji Photo Film Co., Ltd.) having a thicl<ness of 80 [im by the aid of a bar coater. Thereafter, the film was dried at 120 
°C, and then irradiated with UV-rays at an irradiation dose of 300 mJ/cm^ and an illuminance of 400 mW/cm^ using a 
160 W/cm air-cooled metal halide lamp (manufactured by EYE Graphics Co., Ltd.), to cure the coated layer, thereby a 

15 hard coat layer having a thickness of 4 |Lim was formed. 

[0611] The above-mentioned coating solution for a high -refractive-index layer was applied onto the hard coat layer 
with a bar coater. The applied layer was dried at 1 20 °C, and was then irradiated with ultraviolet rays (illuminance: 400 
mW/cm^, and radiation dose: 300 mJ/cm^), using an air-cooled metal halide lamp having a power of 160 W/cm (made 
by Eye Graphics Co., Ltd.) to harden the applied layer. In this way, a high-refractive-index layer having a thickness of 

20 0.06 |Lim was formed. 

[0612] The above-mentioned coating solution for a low-refractive-index layer was applied onto the high -refractive- 
index layer with a bar coater. The applied layer was dried at 120 °C and was then irradiated with ultraviolet rays (illumi- 
nance: 400 mW/cm^, and radiation dose: 300 mJ/cm^), using an air-cooled metal halide lamp having a power of 160 
W/cm (made by Eye Graphics Co., Ltd.) to harden the applied layer. In this way a low-refractive-lndex layer having a 
25 thickness of 0.092 |Lim was formed. 

[0613] The above-mentioned coating solution for an over coat layer A was applied onto the low-refractive-index 
layer with a bar coater. The applied layer was dried at 120 °C to form an over coat layer having a thickness of 20 nm. In 
this way, a film having an anti-reflection film was produced. 

[0614] A polarizing plate of Example 3-3 was produced in the same manner as Example 3-1 , except that this anti- 
30 reflection film was used. 

[EXAMPLE 3-4] 

[0615] The aforesaid coating liquid for a hard coat layer was coated onto a triacetylcellulose film (manufactured by 
35 Fuji Photo Film Co., Ltd.) having a thickness of 80 |Lim by the aid of a bar coater, and the film was dried at 1 20 °C. There- 
after, the coated layer was irradiated with UV-rays at an irradiation dose of 300 mJ/cm^ and an illuminance of 400 
mW/cm^ using a 1 60 W/cm air-cooled metal halide lamp (manufactured by EYE Graphics Co., Ltd.) to cure the coated 
layer, and a hard coat layer having a thickness of 4 |Lim was formed. 

[0616] The above-mentioned coating solution for a middle-refractive-index layer was applied onto the hard coat 
40 layer with a bar coater. The applied layer was dried at 120 °C, and was then irradiated with ultraviolet rays (illuminance: 
400 mW/cm^, and radiation dose: 300 mJ/cm^), using an air-cooled metal halide lamp having a power of 160 W/cm 
(made by Eye Graphics Co., Ltd.) to harden the applied layer. In this way, a middle-refractive-index layer having a thick- 
ness of 0.08 iLim was formed. 

[0617] The above-mentioned coating solution for a high-refractive-index layer was applied onto the middle-refrac- 
45 tive-index layer with a bar coater. The applied layer was dried at 120 °C, and was then Irradiated with ultraviolet rays 
(illuminance: 400 mW/cm^, and radiation dose: 300 mJ/cm^), using an air-cooled metal halide lamp having a power of 
160 W/cm (made by Eye Graphics Co., Ltd.) to harden the applied layer. In this way, a high-refractive-index layer having 
a thickness of 0.06 jiim was formed. 

[0618] The above-mentioned coating solution for a low-refractive-index layer was applied onto the high-refractive- 
50 index layer with a bar coater. The applied layer was dried at 1 20 °C and was then irradiated with ultraviolet rays (illumi- 
nance: 400 mW/cm^, and radiation dose: 300 mJ/cm^), using an air-cooled metal halide lamp having a power of 160 
W/cm (made by Eye Graphics Co., Ltd.) to harden the applied layer. In this way, a low-refractive-index layer having a 
thickness of 0.092 |Lim was formed. 

[0619] The above-mentioned coating solution for an over coat layer A was applied onto the low-refractive-index 
55 layer with a bar coater. The applied layer was dried at 1 20 °C to form an over coat layer having a thickness of 20 nm. In 
this way, a film having an anti-reflection film was produced. 

[0620] A polarizing plate of Example 3-4 was produced in the same manner as Example 3-1 , except that this anti- 
reflection film was used. 
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[EXAMPLE 3-5] 

[0621] The aforesaid coating liquid for a hard coat layer was coated onto a triacetylcellulose film (nnanufactured by 
Fuji Photo Film Co., Ltd.) having a thickness of 80 lum by the aid of a bar coater. Thereafter, the film was dried at 120 
5 °C and then irradiated with UV-rays at an irradiation dose of 300 mJ/cm^ and an illuminance of 400 mW/cm^ using a 
160 W/cm air-cooled metal halide lamp (manufactured by Eye Graphics Co., Ltd.) to cure the coated layer, thereby a 

hard coat layer having a thickness of 4 |Lim was formed. 

[0622] The above-mentioned coating solution for a middle-refractive- index layer was applied onto the hard coat 
layer with a bar coater. The applied layer was dried at 120 °C, and was then irradiated with ultraviolet rays (illuminance: 
10 400 mW/cm^, and radiation value: 300 mJ/cm^), using an air-cooled metal halide lamp having a power of 160 W/cm 
(made by Eye Graphics Co., Ltd.) to harden the applied layer. In this way, a middle-refractive-index layer having a thick- 
ness of 0.08 |Lim was formed. 

[0623] The above-mentioned coating solution for a high-refractive-index layer was applied onto the middle-refrac- 
tive-index layer with a bar coater. The applied layer was dried at 120 °C, and was then irradiated with ultraviolet rays 
15 (illuminance: 400 mW/cm^, and radiation dose: 300 mJ/cm^), using an air-cooled metal halide lamp having a power of 
1 60 W/cm (made by Eye Graphics Co., Ltd.) to harden the applied layer. In this way, a high-refractive-index layer having 
a thickness of 0.06 ^im was formed. 

[0624] The above-mentioned coating solution for a low-refractive-index layer was applied onto the high -refractive- 
index layer with a bar coater. The applied layer was dried at 1 20 °C and was then irradiated with ultraviolet rays (illumi- 

20 nance: 400 mW/cm^, and radiation value: 300 mJ/cm^), using an air-cooled metal halide lamp having a power of 160 
W/cm (made by Eye Graphics Co., Ltd.) to harden the applied layer. In this way, a low-refractive-index layer having a 
thickness of 0.092 |Lim was formed. 

[0625] The above-mentioned coating solution for an over coat layer B was applied onto the low-refractive-index 
layer with a bar coater. The applied layer was dried at 1 20 °C to form an over coat layer having a thickness of 20 nm. In 
25 this way, a film having an anti-reflection film was produced. 

[0626] A polarizing plate of Example 3-5 was produced in the same manner as Example 3-1 , except that this anti- 
reflection film was used. 

[EXAMPLE 3-6] 

30 

(Impartment of an anti-glare property) 

[0627] The anti-reflection film in Example 3-5 was subjected to embossing with a side-face embossing calendering 
machine (made by Yuri Roll Machine Co., Ltd.) under conditions of press pressure of 600 kg/cm, preheat roll tempera- 
35 ture of 1 20 °C, embossing roll temperature of 1 20 °C, and treating speed of 2 m/minute, so as to produce an anti-reflec- 
tion film having anti-glare property. 

[0628] A polarizing plate of Example 3-6 was produced in the same manner as Example 3-1 , except that this anti- 
reflection film was used. 

[0629] With respect to the anti-reflection film having anti-glare property, the following were measured: the average 
40 reflectance in the wavelength range of 450 to 650 nm; the haze value; and the pensile hardness at the surface. As a 
result, the average reflectance was 1 .0%, the haze was 1 .5%, and the pensile hardness was H. 

[EXAMPLE 3-7] 

45 [0630] The above-mentioned coating solution for an optical anisotropic layer B was applied onto the orientated layer 
of Example 3-1 with a bar coater. The applied layer was dried at 120 °C, and was further heated for 3 minutes for rip- 
ening of the liquid crystal. In this way, its discotic compound was orientated. Thereafter, the applied layer was irradiated 
with ultraviolet rays (illuminance: 400 mW/cm^, and radiation value: 300 mJ/cm^) while keeping the temperature at 120 

°C, using an air-cooled metal halide lamp having a power of 160 W/cm (made by Eye Graphics Co., Ltd.) to harden the 
50 applied layer. In this way, an optical anisotropic layer having a thickness of 1.8 jim was formed to produce an optical 
compensative film. 

[0631 ] A polarizing plate of Example 3-7 was produced in the same manner as Example 3-1 , except that this optical 
compensative film was used. 

55 [EXAMPLE 3-8] 

[0632] The triacetylcellulose surfaces of both the anti-reflection film and the optical compensative film in Example 
3-5 were processed with an adhesive agent. They were separately stuck onto different surfaces of a commercially avail- 
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able polarizing plate (made by Sanritz Corp.) wherein triacetylcellulose was used as a polarizing-layer protecting-filnn, 
so as to produce a polarizing plate of Example 3-8. 

[EXAMPLE 3-9] 

[0633] The triacetylcellulose surface of the optical compensative film in Example 3-1 was processed with an adhe- 
sive agent. A commercially available polarizing plate (made by Sanritz Corp.) was used, one side of which was com- 
posed of triacetylcellulose as a polarizing-layer protecting-film, and the other side of which was composed of 
triacetylcellulose having an anti-reflection film which was formed by vapor deposition. The optical compensative film in 
Example 3-1 was stuck onto the triacetylcellulose protecting-film side of the commercially available polarizing plate, so 
as to produce a polarizing plate of Example 3-9. 

[COMPARATIVE EXAMPLE 3-1] 

[0634] The aforesaid coating liquid for a hard coat layer was coated onto a triacetylcellulose film (manufactured by 
Fuji Photo Film Co., Ltd.) having a thickness of 80 |Lim by the aid of a bar coater. Thereafter, the film was dried at 120 
°C and then irradiated with UV-rays at an irradiation dose of 300 mJ/cm^ and an illuminance of 400 mW/cm^ using a 
160 W/cm air-cooled metal halide lamp (manufactured by Eye Graphics Co., Ltd.) to cure the coated layer, and thereby 
a hard coat layer having a thickness of 4 |Lim was formed. 

[0635] A polarizing plate of Comparative Example 3-1 was produced in the same manner as Example 3-1, except 
that this hard coat film was used instead of the anti-reflection film. 

[COMPARATIVE EXAMPLE 3-2] 

[0636] In the same manner as Example 3-5, except that a triacetylcellulose film (manufactured by Fuji Photo Film 
Co., Ltd.) having a thickness of 80 jxm was used in place of the optical compensative film, a polarizing plate of Compar- 
ative Example 3-2 was prepared. 

[COMPARATIVE EXAMPLE 3-3] 

[0637] The aforesaid coating solution for an optical anisotropic layer C was coated onto the alignment layer of 
Example 3-1 by the aid of a bar coater. The layer was dried at 180 °C, then heated further for one minute to effect aging 
of the liquid crystal, thereby aligning the discotic compound. Then the layer was cooled to room temperature to form an 
optical anisotropic layer having a thickness of 1 .0 jim. In this way, an optical compensative film was prepared. 
[0638] In the same manner as Example 3-5, except that this optical compensative film was used, a polarizing plate 
of Comparative Example 3-3 was prepared. 

(Evaluation of the anti-reflection film) 

[0639] As for the resultant anti-reflection films, the following items were evaluated: 

(1) Average reflectance 

[0640] Using a spectrophotometer (made by JASCO Corp.), spectral reflectance, based on an incident angle of 5°, 
in the wavelength range of 380 to 780 nm, was measured. The result was represented by the average reflectance of 
450 to 650 nm. 

(2) Haze 

[0641] A haze of the resultant films were measured by the aid of a haze meter Model 1 001 DP (trade name, manu- 
factured by Nihon Denshoku Kogyo KK). 

(3) Evaluation of pencil hardness 

[0642] The evaluation of pencil hardness disclosed in JIS K 5400 was carried out, as an index of scratch -resistance. 
After adjusting moisture of the anti-reflection film at 25 °C and a relative humidity of 60% RH for 2 hours, a scratch test 
was carried out according to JIS S 6006 by using test pencil of 3H, under a load of 1 kg. 



76 



EP 1 089 093 A2 



In the evaluation of n=5, no scratch was detected O 
In the evaluation of n=5, 1 or 2 scratch marks were detected a 
In the evaluation of n=5, at least 3 scratch marks were detected X 



(4) Contact angle and evaluation of fingerprint adhesion 

[0643] As an index of stain -proofing property of the surface of an optical material, the moisture of the optical mate- 
rial was adjusted at a temperature of 25 °C and a humidity of 60% RH for 2 hours. Thereafter, its contact angle with 
water was measured. In addition, fingerprints were caused to adhere onto the surface of this sample, and then they 
were wiped out with a cleaning cloth. The state thereof was observed to evaluate fingerprint adhesion according to the 
following ranks. 



The fingerprints were completely wiped out Q 
The fingerprints were somewhat wiped out A 
The fingerprints were hardly wiped out X 



(5) Measurement of dynamic friction coefficient 

[0644] The measurement of dynamic friction coefficient was carried out as an index of a surface-sliding property. 
The sample film was adjusted in humidity at 25 °C and a relative humidity of 60% RH for 2 hours, and then measured 
by a HEIDON-14 dynamic friction tester under conditions of employing stainless steel balls having a diameter of 5 
mm0, the load of 1 00 g, at a velocity of 60 cm/min, and the measured value was used as a dynamic friction coefficient. 

(6) Evaluation of anti-glare property 

[0645] An image of a fluorescent lamp (8000 cd/m^) without any louver was projected on the produced anti-glare 
film, and then the degree of the haziness of the reflection image was evaluated according to the following criteria. 



The outline of the fluorescent lamp was not recognized at 
all 


® 


The outline of the fluorescent lamp was slightly recog- 


o 


nized 




The fluorescent lamp was hazy, but the outline thereof 


A 


was able to be recognized 




The fluorescent lamp was hardly hazy 


X 



(Evaluation of the optical compensative film) 

[0646] As for the resultant optical compensative film, the following items were evaluated: 
(1) Haze 

[0647] Haze of the resultant film was measured by the aid of haze meter Model 1 001 DP (trade name, manufactured 
by Nihon Denshoku Kogyo KK). 
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(2) Light axis and variation of inclination angle 

[0648] In the optical compensative film, retardation from all the directions in perpendicular surface to the optical 
compensative film surface, which perpendicular surface included the rubbing axis, was measured by an ellipsometer 
(AEP-100 (trade name), manufactured by Shimadzu Co.). Further, retardation of only the support and the alignment 
layer of the film, from which the optical anisotropic layer of the measured portion had been removed, was likewise 
measured. By obtaining the optical characteristics (dependency of measuring angle of retardation) of the optical aniso- 
tropic layer alone from these two measured values, existence or non-existence of any light axis was investigated, 
assuming the direction of retardation being zero as light axis. Besides, inclination (variation of inclination angle) of the 
discotic compound to the surface of the support was calculated by fitting of the optical characteristics. 

(3) Size of domain 

[0649] A size of domain formed in the optical anisotropic layer was measured by observation through a polarizing 

microscope. 

[0650] Table 7 shows results of Examples and Comparative Examples. 
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Next, a liquid-crystal-display-type innage display device as shown in Fig. 17 was prepared using the films of 
es 3-1 , 3-5, 3-6, 3-7, 3-8, and 3-9, and Comparative Examples 3-1 -3-3, respectively. The same optical compen- 
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sative film as used in each Example was used as an optical compensative film of the front side polarizing plate. 
[0652] A liquid crystal cell comprising a nematic liquid crystal at a twisted angle of 90° was put between the sub- 
strates with a gap size of 4.5 |Lim. 

[0653] As shown in Fig. 20, the construction Is such that an angle 291 of a rubbing direction 271 a of the down side 
optical compensative film with a rubbing direction 272a of the down side substrate is 1 80°, while an angle 292 of a rub- 
bing direction 271b of the up side optical compensative film with a rubbing direction 272b of the up side substrate Is 
180°. These elements are disposed as shown in Fig. 18. 

(Evaluation of the liquid-crystal-display-type image display device) 

[0654] As for the resultant liquid-crystal-display-type image display device, the following items were evaluated: 

(1) On-axis contrast ratio 

[0655] A 55 Hz square wave with voltage of 0-5 V was applied to the resultant TN-LCD, and the contrast ratio in 
the normal to the front surface was measured by the aid of a spectrometer (LCD-5000 (trade name), manufactured by 
Otsuka Electronics Co., Ltd.). 

(2) Viewing angle 

[0656] A 55 Hz square wave with voltage of 0-5 V was applied to the resultant TN-LCD, and the contrast in inclined 
directions of up/down and left/right was measured by the aid of a spectrometer (LCD-5000 (trade name) manufactured 
by Otsuka Electronics Co.., Ltd.). The viewing angle was defined as angle range of the contrast ratio being at least 10. 

(3) Visibility in room 

[0657] The blackness in black display of the resultant TN-LCD In room was visually evaluated In accordance with 
the following items: 

®: Blackness is very good irrespective of illumination in room 
O ■ Blackness is good though influenced by illumination in room 
A : Blackness becomes somewhat bad in oblique directions 
X : Blackness is bad 

[0658] Table 8 shows results of Examples and Comparative Examples. 



Table 8 





On-axis contrast 


Viewing angle [°] 


Visibility in room 






up/down 


left/right 




Example 3-1 


at least 100 


130 


125 
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Example 3-5 


at least 100 


130 


125 
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Example 3-6 


at least 1 00 


130 


125 
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Example 3-7 


at least 1 00 


130 


130 
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Example 3-8 


at least 1 00 


130 
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® 


Example 3-9 


at least 100 


130 


125 


@ 


Comparative example 3-1 


at least 1 00 


130 


125 


o 


Comparative example 3-2 


at least 100 


60 


95 


A 


Comparative example 3-3 


60 


40 


65 


X 



[0659] Next, a color-llquid-crystal-display-type image display device was prepared by peeling off a polarizing plate 
of TFT-type liquid crystal color television 6E-C3 (trade name, manufactured by Sharp Corp.) and using instead the 
polarizing plates of Examples 3-1 , 3-5, 3-6, 3-7, 3-8, and 3-9, and Comparative Examples 3-1 to 3-3. 
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(Evaluation of the color-liquid-crystal-display-type image display device) 

[0660] As for the resultant liquid-crystal-display-type innage display device, the following itenns were evaluated: 
(1) Viewing angle 

[0661] The resultant color-liquid-crystal-display-type image display device was used for its white display and black 
display, and the contrast in inclined directions up/down and left/right was nneasured by the aid of a spectronneter (LCD- 
5000 (trade name), manufactured by Otsuka Electronics Co., Ltd.). The viewing angle was defined as an angle range 
of the contrast ratio being at least 10. 

[0662] Table 9 shows results of Examples and Comparative Examples. 



Table 9 
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[0663] Having described our invention as related to the present embodiments, it is our intention that the invention 
not be limited by any of the details of the description, unless otherwise specified, but rather be construed broadly within 
its spirit and scope as set out in the accompanying claims. 

Claims 

1. An anti-reflection film, which is formed by laminating a high-refractive-index layer, having a refractive index of 1 .65 
to 2.40, and a low-refractive-index layer, having a refractive index of 1 .30 to 1 .55, wherein the high-refractive-index 
layer comprises 5 to 65% by volume of inorganic fine particles having an average particle size of 1 to 200 nm and 
having a core/shell structure, and 35 to 95% by volume of a polymer composed of an organic compound. 

2. The anti-reflection film as claimed in claim 1 , wherein, in the inorganic fine particles having the core/shell structure, 
the main component of the core is titanium dioxide, the main component of the shell is an inorganic compound 
other than titanium dioxide, and the amount of the shell is 2 to 50% by weight to the core. 

3. The anti-reflection film as claimed in claim 1 , wherein the main component of the inorganic compound which con- 
stitutes the shell is at least one selected from the group of alumina, silica, and zirconia. 

4. The anti-reflection film as claimed in claim 1 , wherein the main component of the inorganic compound which con- 
stitutes the shell is alumina. 

5. The anti-reflection film as claimed in claims 1 , wherein the polymer composed of an organic compound in the high- 
refractive-index layer is a crosslinked polymer having an anionic group. 

6. The anti-reflection film as claimed in claim 5, wherein the polymer having an anionic group in the high -refractive- 
index layer is a polymer having a phosphoric acid group or a sulfonic acid group, as the anionic group. 
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7. The anti-reflection filnn as claimed in clainn 5, wherein the polymer having an anionic group in the high -refractive- 
index layer further has an amino group or an ammonium group. 

8. The anti-reflection film as claimed in claim 5, wherein the high-refractive-index layer is a layer formed by coating, 
5 and said polymer having the anionic group is a polymer formed by crosslinking reaction or polymerization reaction, 

simultaneously with or after coating the layer. 

9. The a nti -reflection film as claimed in claim 1 , wherein the low-refractive-index layer comprises 50 to 95% by weight 
of the inorganic fine particles having an average particle size of 0.5 to 200 nm and 5 to 50% by weight of a polymer, 

10 and wherein voids are formed among the inorganic fine particles in the layer. 

10. The anti -reflection film as claimed in claim 1 , wherein the low-refractive-index layer, having a refractive index of 1 .30 
to 1 .55, comprises from 50 to 95% by weight of short fibrous inorganic fine particles, and from 5 to 50% by weight 
of a polymer, and wherein there are micro voids formed among the short fibrous inorganic fine particles. 

15 

11. An anti-reflection film comprising a low-refractive-index layer, having a refractive index of 1 .30 to 1 .55, which com- 
prises from 50 to 95% by weight of short fibrous inorganic fine particles, and from 5 to 50% by weight of a polymer, 
wherein there are micro voids formed among the short fibrous inorganic fine particles. 

20 12. The anti-reflection film as claimed in claim 1 1 , wherein the short fibrous inorganic fine particles comprises silica, 
and the low- refractive-index layer has a void ratio of 1 to 50% by volume. 

13. The a nti -reflection film as claimed in claim 11, wherein the short fibrous inorganic fine particles are substantially 

crosslinked. 

25 

14. The anti- reflection film as claimed in claim 1 1, which comprises a high-refractive-index layer comprising from 5 to 
65% by volume of inorganic fine particles that have an average particle size of 1 to 200 nm, and from 35 to 95% by 
volume of a crosslinked polymer having an anionic group. 

30 15. The anti-reflection film as claimed in claim 14, wherein the polymer having an anionic group in the high -refractive- 
index layer is a polymer having a phosphoric acid group or a sulfonic acid group, as the anionic group. 

16. The a nti -reflection film as claimed in claim 14, wherein the polymer having an anionic group in the said high-refrac- 
tive-index layer further has an amino group or an ammonium group. 

35 

17. The anti-reflection film as claimed in claim 14, wherein the inorganic fine particles of the high -refractive-index layer 
have a refractive index of 1 .80 to 2.80. 

18. The anti-reflection film as claimed in claim 14, wherein the polymer having an anionic group is a polymer formed 
40 by crosslinking reaction or polymerization reaction, simultaneously with or after coating the high-refractive-index 

layer. 

19. The anti-reflection film as claimed in claim 14, wherein the high-refractive-index layer comprises inorganic fine par- 
ticles having an average particle size of 1 to 200 nm and having a core/shell structure. 

45 

20. The a nti -reflection film as claimed in claim 1 or 11, wherein an overcoat layer containing a fluorine-containing com- 
pound is laminated on the low-refractive-index layer. 

21. The anti- reflection film as claimed in claim 20, wherein the occupation ratio of materials for the over coat layer is 
50 less than 70% by volume of the voids in the low-refractive-index layer. 

22. The a nti -reflection film as claimed in claim 20, wherein the weight-average molecular weight of the fluorine-contain- 
ing compound forming the over coat layer is 20,000 to 2,000,000, and wherein low molecular weight components, 
having a molecular weight less than 20,000, which are other than the fluorine-containing compound, is 50% or less 

55 by weight in the solid content of the over coat layer. 

23. The anti-reflection film as claimed in claim 20, wherein the fluorine-containing compound is a fluoropolymer, which 
is a polymer formed by crosslinking reaction or polymerization reaction, simultaneously with or after the coating of 
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the over coat layer. 

24. An image display device equipped with the anti -reflection film as claimed in claim 1 or 11 on an image display sur- 
face. 

25. A polarizing plate comprising a polarizing layer interposed between two transparent supports, wherein the polariz- 
ing plate has an optical compensative layer containing an optical anisotropic layer, on the surface of one of the 
transparent supports opposite to the polarizing layer, and has an anti -reflection film on the surface of the other 
transparent support opposite to the polarizing layer, and wherein the optical anisotropic layer comprises a com- 
pound with a discotic structure unit and having a negative birefringence, disk surfaces of the discotic structure unit 
being inclined to the surface of the transparent support at angles changed to each other for the surface of the trans- 
parent support with respect to the direction of depth of the optical anisotropic layer. 

26. The polarizing plate as claimed in claim 25, wherein the angle is increased with the increase of distance between 
the optical anisotropic layer and the surface of the transparent support. 

27. The polarizing plate as claimed in claim 25, wherein the optical anisotropic layer further contains a cellulose ester. 

28. The polarizing plate as claimed in claim 25, wherein the transparent support of the optical anisotropic layer side has 
an optically negative uniaxial property, and has an optic axis in the direction of normal line of the surface of the 
transparent support, and satisfies the following condition: 

20 ^ {(nx+ny)/2-nz} x d ^ 400 

wherein d represents a thickness of the optical compensative layer (unit: nm); nx, ny, and nz represent main refrac- 
tive indices of three orthogonal axes of the optical compensative layer, nz represents a main refractive index in the 
direction of thickness of the transparent support, and the axes satisfy a relation of nx ^ nz ^ ny, when it is viewed 
from the front. 

29. The polarizing plate as claimed in claim 25, wherein an alignment layer is formed between the optical anisotropic 
layer and the transparent support. 

30. The polarizing plate as claimed in claim 29, wherein the alignment layer comprises a cured polymer 

31. The polarizing plate as claimed in claim 25, wherein the optical anisotropic layer is composed of monodomain or a 
number of domains having a size of 0.1 [im or less. 

32. The polarizing plate as claimed in claim 25, wherein the anti-reflection film comprises a low-refractive-index layer, 
which has a lower refractive index than that of the transparent support to which the layer is laminated and has a 
void percentage of 1-50% by volume. 

33. The polarizing plate as claimed in claim 32, wherein the low-refractive-index layer contains fine particles having a 
particle size of 0.1 |Lim or less, and wherein voids are formed among or inside the fine particles. 

34. The polarizing plate as claimed in claim 25, wherein a high-refractive-index layer, having a higher refractive index 
than that of the transparent support, is provided between the transparent support and the low- refractive-index layer. 

35. The polarizing plate film as claimed in claim 25, wherein an over coat layer containing a fluorine-containing com- 
pound is laminated on the low-refractive-index layer 

36. The polarizing plate as claimed in claim 35, wherein the occupied ratio of a material of the over coat layer in the 
voids of the low-refractive-index layer is less than 70% by volume. 

37. The polarizing plate as claimed in claim 35, wherein the weight- average molecular weight of the fluorine-containing 
compound forming the over coat layer is 20,000-2,000,000, and low molecular weight components, having a molec- 
ular weight less than 20,000, other than the fluorine-containing compound, is 50% or less by weight of solid com- 
ponents of the over coat layer. 
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38. The polarizing plate as claimed in claim 25, wherein the anti-reflection film is the anti -reflection film as claimed in 
claim 1 or 1 1 . 

39. A liquid-crystal-display-type image display device comprising the polarizing plate as claimed in claim 25 used as a 
polarizing plate on the side of display out of the two polarizing plates disposed on both sides of the liquid crystal 
cell, wherein the polarizing plate is arranged in such manner that the optical anisotropic layer being faced to the 
liquid crystal cell side. 

40. A color liquid-crystal-display-type image display device, comprising 

a pair of substrates having transparent electrodes, pixel electrodes, and a color filter, 

a liquid crystal cell sealed between the substrates and comprising a twisted nematic liquid crystal, 

a pair of optical compensative sheets provided on both sides of the liquid crystal cell, and 

a pair of polarizing plates provided respectively on the outside of the optical compensative sheets; wherein use 

is made of, 

the polarizing plate according to any one of the aforesaid claims 25 to 38, as the optical compensative sheet 
on the displaying side of the liquid crystal cell and the polarizing plate, in which an optical anisotropic layer is 
disposed facing to the liquid crystal cell side, and 

an optical compensative sheet, which comprises an optical anisotropic layer having a negative birefringence 
and comprising a compound that has discotic structure units, at the side of a backlight of the liquid crystal cell; 
wherein disk surfaces of the discotic structure unit are inclined to the surface of a transparent support at angles 
changed to each other for the transparent support surface with respect to the direction of depth of the optical 
anisotropic layer. 
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